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PREFACE TO THE THIRD EDITION.

SEVERAL important changes, and many slight altera-
tions, have been made in this edition. The author would
especially call attention to the change in his views as to
the number of segments in the head of hexapodous in-
sects ; there being four instead of seven (see p. 19). On
p- 52 will be found a notice of parthenogenesis in the
pupa of Chironomus, and on p. 111 an account of the
recently discovered glands for secreting wax; while on
p. 258 correct figures of the larva and pupa of Melitea
Harrisii are given, and a brief account of the Linguatulina
is added. It is hoped that these changes, with the ad-
dition of four more plates, and an appendix, will bring
the work up to the present state of the science.

The author should here state, in justice to himself, that
the primary object in preparing the systematic portion of
the work was to give as clear a view as possible of the
larger groups of insects; so that the groupings of the
families into subdivisions of suborders has been omitted
for the sake of perspicuity. Thus, the difference between
the Heteropterous and Hemipterous divisions of the
Hemiptera is not perhaps so clearly indicated as may
seem desirable; so also, the difference of the Tenthre-
dinide and Uroceride from the rest of the Hymenoptera,
of the Lice from the rest of the Hemiptera, or the Lepis-
matide, Campodes and Poduride, from the remainder of
the Neuroptera. Perhaps in endeavoring to bring out
clearly the essential unity of organization in the members
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of the larger groups, sufficient justice has not been paid
to the frequent diversity observable. Certain small and
unimportant families have also been omitted ; it is believed,
without detriment to a work of this scope.

Most authors regard the Hymenoptera and equivalent
groups as ‘¢ orders” rather than ¢¢suborders.” When
the reader prefers, he might alter to suit his views. It
is not improbable that the Ilexapoda, Arachnida and My-
riapoda are subclasses; hence, the Hymenoptera, etc.,
may be considered as orders, and then, for example, the
Hemiptera, Heteroptera and Lice (Pediculina and Mallo-
phaga) might be regarded as suborders of the grand
group Iemiptera. It matters little to the author, so long
as the fact (or what he believes to be the fact) be recog-
nized, that the Hexapods, Arachnids and Myriapods are
subdivisions of a class, and not separate classes equivalent
each to the Crustacea, for example.

Salem, March, 1872.



PREFACE.

Tais introduction to the study of insects is designed to
teach the beginner the elements of entomology, and to serve
as a guide to the more elaborate treatises and memoirs which
the advanced student may wish to consult. Should the
book, imperfect as the author feels it to be, prove of some
service in inducing others to study this most interesting and
useful branch of natural history, the object of the writer will
have been fully attained.

In order to make it of value to farmers and gardeners,
whose needs the writer has kept in view, and that it may be
used as a text book in our agricultural colleges, concise ac-
counts have been given of insects injurious or beneficial to
vegetation, or those in any way affecting human interests.

When the localities of the insects are not precisely given,
it is to be understood that they occur in the Eastern Atlantic
States from Maine to Pennsylvania, and the more northern of
the Western States. When the family names occur in the
text they are put in spaced Italics, to distinguish them from
the generic and specific names which are Italicized in the usual
way. '

The succession of the suborders of the hexapodous insects
is that proposed by the author in 1863, and the attention of
zodlogists is called to their division into two series of sub-
orders, which are characterized on page 104. To the first
and highest may be applied Leach’s term METABOLIA, a8
they all agree in having a perfect metamorphosis; for the
second and lower series the term HETEROMETABOLIA is pro-
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posed, as the four suborders comprised in it differ in the
degrees of completeness of their metamorphoses, and are
all linked together by the structural features enumerated
on page 104.

The classification of the Hymenoptera is original with the
author, the bees (Apide) being placed highest, and the saw-
flies and Uroceoridee lowest. The succession of the families
of the Lepidoptera is that now generally agreed upon by en-
tomologists. Loew’s classification of the Diptcra, published
in the ¢ Miscellaneous Collections” of the Smithsonian
Institution, has been followed, with some modifications.
Haliday’s suggestion that the Pulicide are allied to the
Mycetophilidee gives a clue to their position in nature
among the higher Diptera. " Leconte’s classification of the
Coleoptera is adopted as far as published by him, i.e., to
the Bruchidie. For the succeeding families the arrangement
of Gerstaecker in Peters and Carus’ ¢ Handbuch der Zoo-
logie” has been followed, both being based on that of Lacor-
daire. The Hemiptera are arranged according to the author’s
views of the succession of the familiecs. The classification of ,
the Orthoptera is that proposed by Mr. S. II. Scudder. This
succession of families is the reverse of what has been given
by recent authors, and is by far the most satisfactory yet
presented. The arrangement of the Neuroptera (in the Lin-
nean sense) is that of Dr. Hagen, published in his ¢ Synop-
sis,” with the addition, however, of the Lepismatide, Cam-
podez and Poduridee.

The usual classification of the Arachnida is modified by
placing the Phalangide as a family among the Pedipalpi, and
the succession of families of this suborder is suggested as be-
ing a more natural one than has been previously given.

The arrangement of the Araneina, imperfect as authors
have left it, is that adopted by Gerstaecker in Peters and
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Carus’ ‘“Handbuch der Zoologie.” In the succession of the
families of the Acarina, the suggestions of Claparéde, in his
¢ Studien der Acariden,” have been followed, and in the
preparation of the general account of the Arachnids the
writer is greatly indebted to Claparéde’s elaborate work on
the ‘Evolution of Spiders.” '

In the preparation of this ¢ Guide” the author has con-
sulted and freely used Westwood’s invaluable ¢ Introduction
to the Modern Classification of Insects;” Gerstaecker's
¢t Arthropoden™ in Peters and Carus’ ‘“Handbuch der Zoo-
logie ;” Siebold’s ¢“ Anatomy of the Invertebrates” (Burnett’s
translation, 1854); Newport’s Article ‘‘Insecta” in Todd’s
Cyclopedia of Anatomy and Physiology; and Dr. T. W.
Harris’ ¢ Treatise on Insects injurious to Vegetation.” He
would also acknowledge his indebtedness to Professor L.
Agassiz for many of the general ideas, acquired while the
author was a student in the Museum of Comparative Zoo-
logy at Cambridge, regarding the arrangement of the orders
and classes, and the morphology of the Articulates.

For kind assistance rendered in preparing this book, the
author is specially indcbted to Baron R. von Osten Sacken,
who kindly read the proof sheets of the chapter on Diptera;
to Mr. F. G. Sanborn for the communication of many speci-
mens and facts; and also to Messrs. Edward Norton, S. H.
Scudder, J. H. Emerton, C. T. Robinson, A. R. Grote, G. D.
Smith, E. T. Cresson, P. R. Uhler, C. V. Riley, Dr. J. L. Le-
conte, Dr. Hagen, W. C. Fish, and E. S. Morse. For much -
kind assistance and very many favors and suggestions, and
constant sympathy and encouragement during the printing
of the work, he is under special obligation to his valued
friend, Mr. F. W. Putnam. The types of the mew species
noticed here are deposited in the Museum of the Peabody
Academy of Science. He would also express his thanks to
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the American Entomological Society, the Society of Natural
History at Boston, the Secretary of the Massachusetts Board
of Agriculture, the Essex Institute, the Smithsonian Institu-
tion, the Secretary of the Maine Board of Agriculture, and
to Mr. R. Hardwicke, the publisher of *Science-Gossip,”
Prof. Sanborn Tenney, the. author of ¢“A Manual of Zo-
élogy,” and to his coeditors of the ‘ American Naturalist,”
for the use of many of the cuts, a list of which may be
found on the succeeding pages.

PREABODY ACADEMY OF SCIENCE,
SALEM, Nov. 10, 1868,
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EXPLANATION OF PLATE 8.
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Xanthoptera

Ennomos subs
Nematocam hrh 1 larva (enlarged twice).
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Anlso| onuu,tnle 9 a, female (enlarged), 90, larva.
CId-rmlr;:nmnuh. 10 c,hru.
Galleria cereana.
rosaceana; 124, larva. .
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Q. robin

ltr:oco etis gomlmunn, a, larva; b, pupa (enlarged three times), ”G

Fio. 16. Bnecnlltrlx
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Flo. 15, Lithoootleds nidificansella (enlarged); 19 (

F1G. 90. Aglossa cuprealis.

Fia. 31. Anchylopm vacciniana.

Ro 23. Penthina vitivorana (enl ).

@, 33. Pterophorus i @, 1arva; b, pupa (enlarged three times).
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GUIDE TO THE STUDY OF INSECTS.

THE CLASS OF INSECTS.

TrAT branch of the Animal Kingdom known as the ArTICU-
LATA, includes all animals having the body composed of rings
or segments, like short cylinders, which are placed successively
one behind the other. Cuvier selected this term because he
saw that the plan of their entire organization, the essential
features which separate them from all other animals, lay in the
idea of articulation, the apparent joining together of distinct
segments along the line of the body. If we observe carefully
the body of a Worm, we shall see that it consists of a long
cylindrical sac, which at regular intervals is folded in upon
itself, thus giving a ringed (annulated, or articulated) appear-
ance to the body. In Crustaccansy (crabs, lobsters, etc.)
and in Insects, from the deposition of a peculiar chemical
substance called chitine, the walls of the body become so
hardened, that when the animal is dead and dry, it
readily breaks into numerous very perfect rings.

Though this branch contains a far greater number of
species than any other of the animal kingdom, its -myr-
iad forms can all be reduced to a simple, ideal, typical
figure; that of a long slender cylinder divided into
numerous segments, as in Fig. 1, representing the larva
of a Fly. It is by the unequal development and the
various modes of grouping them, as well as the- differ-
ences in the number of the rings themselves, and also in Fig-1.
the changes of form of their appendages, i.e. the feet, jaws,
antennee, and wings, that the various forms of Articulates are
produced.

F1G. 1. Worm-like larva of & Fly, Scenopinus. — Original.
1



2 THE CLASS OF INSECTS.

Articulated animals are also very distinctly bilateral, i.e. the
body is symmetrically divided into two lateral halves, and
not only the trunk but the limbs also
show this bilateral symmetry. In a less
marked degree there is also an antero-
posterior symmetry, i.e. each end of
the body is opposed, just as each
side of the body is, to the other.®
The line separating the two ends is,
however, imaginary and vague. The
antenng, on the anterior pole, or head,
are represented by the eaudal, or anal,
stylets (Fig. 2), and the single parts
on the median line of the body corre-
spond. Thus the labrum and clypeus
are represented by the tergite of the
eleventh segment of the abdomen.

g2 In all Articulates (Fig. 3) the long,
‘tubular, alimentary-canal occupies the centre of the body ; above
it lies the *‘heart,” or dorsal vessel, and below, upon the under
side, rests the nervous system. % c d
‘The breathing apparatus, or
“*‘lungs,” in Worms consists of s
simple filaments, placed on the
front of the head ; or of gill-like
processes, as in the Crustaceans,
which are formed by membran-
ous expansions of the legs ; or, * mes
as in the Insects (Fig. 4), of delicate tubes (tracheae), which

* Professor Wyman (On Symmetry and Homology in Limbs, Proceedings of the
Boston Society of Natural History, 1867) has shown that antero-posterior symmetry
is very marked in Articulates. .In the adjoining figure of Jera (Fig. 2) the longi-
tudinal lines illustrate what is meant by bilateral symmetry, and the transverse
lines ‘‘fore and aft” symmetry. The two antero-posterior halves of the body are
very symmetrical in the Crustacean genera Jera, Oniscus, Porcellio, and other
Crustacea, and alse among the Myriopods, Scufigera, Polydesmus, * in which the
limbs are repeated eppositely, though with different degrees of inequality, from the
centre of the body backwards and forwards.” ‘ Leuckart and Van Beneden have
shown that Mysis has an ear in the last segment, and Schmidt has described an eye
in the same part in & worm, Amphicora.” — From Wyman.

FIG. 8 represents an ideal section of a Worm. s indicates the skin, or mus-

cular body-wall, which on each side is produced into one or more fleshy tubercles,
usually tipped with bristles or hairs, which serve as organs of locomotion, and
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ramify throughout the whole interior of the animal, and con-

nect with breathing pores (stigmata) in the sides of the body.

They do not breathe through the mouth as do the higher aui-

mals. The trachese and blood-vessels follow closely the sam:
[

course, 8o that the aération of the blood goes on, apparently,
over the whole interior of the body, not being confined to a
single region, as in the lungs of the vertebrate animals.

Thus it is by observing the general form of the body-walls,
and the situation of the different anatomical systems, both in
relation to themselves and the walls of the bodly, or crust,
which surrounds and protects the more delicate organs within,
that we are able to find satisfactory characters for isolating, in
our definitions, the articulates from all other animals.

We shall perceive more clearly the differences between the
three classes of Articulates, or jointed animals, namely,
the WorMs, CrusTACEANS, and INsEcCTs, by examining

often as lungs. The nervous cord (a) rests on the floor of the cylinder, cending a
filament into the oar-like feet (), and algo around the intestine or stomach (b), to a
supplementary cord (d), which is situated just over the intesting, and under the
heart or dorsal vessel (¢). The circle e and e is a diagram of the cirenlatory sys-
tem; c is the dorsal vessel, or heart, from the side of which. in each ring, a small
vessel is sent downwards and around to e, the ventral vesiael. — Original,

FIG. 4. Anidenl section of n Bee. Here the crust is denve and thick, to which
strong muscles are attached. On the upper side of the ring the wings grow ont,
while the legs are inserted near the under side. The trache (¢«) enter through the
stigma, or breathing pore, situated just nnder the wing, and their branches suir-
divide and are dizstributed to the wings, with their five principal veins as indiciicd
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their young stages, from the time of their exclusion from the egg,
until they pass into mature life. A more careful study of this
period than we are now able to enter upon would show us how
much alike the young of all articulates are at first, and how
soon they begin to differ, and assume the shape characteristic
of their class.
Most Worms, after leaving the egg, are at first like some
infusoria, being little sac-like animalcules, often diliated over
- nearly the entire surface of the infinitesimal body.
Soon this sac-like body grows longer, and con-
tracts at intervals; the intervening parts become
unequally enlarged, - some segments, or rings,
Fig.s. formed by the contraction of the body-walls,
greatly exceeding in size those next to them; and it thus
assumes the appearance of being more or less equally ringed,
as in the young Terebella (Fig. 5), where the
cilise are restricted to a single circle surrounding
the body. Gradually (Fig. 6) the cilize disap-
¢ pear and regular locomotive organs, consisting
of minute paddles, grow out from cach side;
feelers (antenn:e), jaws, and eyes (simple rudi-
mentary eyes) appear on the few front rings
of the body, which are grouped by themselves
¢ into a sort of head, though it is difficult, in a
large proportion of the lower worms, for un-
skilled observers to distinguish the head from
the tail.

Thus we see throughout the growth of the
worm, no attempt at subdividing the body
into regions, each endowed with its peculiar

4 functions ; but only a more perfect system of
rings, each relatively very equally developed,

in the figure, also to the dorsal vessel (¢), the intestine (b), and the nervous cord (a).
The trache® and a nervous filament are ualso sent into the legs and to the wings.
The trachez are also distributed to the dorsal vessel and intestine by numerous
branches which serve to hold them in place. — Original.

F1G. 5. Young Terebella, soon after leaving the cgg.— From A. Agassiz.

FI1G. 6 represents the embryo of a worm (Aufolytus cornutus) at a later stage
of growth. a is the middle tentacle of the head; e, one of the posterior tentacles;
b, the two eye-spots at the base of the hinder pair of feelers; ¢ is one of a row of
oar-like organs (cirri) at the base of which are inserted the locomotive bristles,
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but all becoming respectively more complicated. For example,
in the Earth-worm (Lumbricus), each ring is distinguishable into
an upper and under side, and in addition to these a well-
marked side-area, to which, as for example in marine worms (e. g.
Nereis), oar-like organs are attached. In most worms eye-spots
appear on the front rings, and slender tentacles grow out, and
a pair of nerve-knots (ganglia) are apportioned to each ring.

In the Crustaceans, such as the fresh-water Crawfish (Asta-
cus), as shown by the German naturalist Rathke; and also in
the earliest stages of the Insect, the body at once assumes a
worm-like form, thus beginning its embryonic life from the goal
reached by the adult worm.

The young of all Crustaceans (Fig. 7) first begin life in the
egg as oblong flattened worm-like bodies, each end of the body
being alike. The young of the lower Crustaceans, such as the
Barnacles, and some marine forms (Copepoda), and some
lowly organized parasitic species inhabiting the gills of
fishes, are hatched as microscopic embryos which would readily
be mistaken for young mites (Acarina). In the higher Crus-
taceans, such as the fresh-water Crawfish, the ba
young, when hatched, does not greatly differ
from the parent, as it has passed through the l
worm-like stage within the egg.

Fig. 7 represents the young of the fresh-
water Lobster (Crawfish) before leaving the
egg. The body is divided into rings, ending
in lobes on the sides, which are the rudiments
of the limbs. b is the rudiment of the eye- Fig. 7.

. stalk, at the end of which is the eye; a is the fore antenne;
¢ is the hind antennee; d is one of the maxilla-feet; e is the
first pair of true feet destined in the adult to form the large
tclaw.” Thus the eye-stalks, antennse, claws, and legs are
moulded upon a common form, and at first are scarcely distin-
with the cirri serving as swimming and locomotive organs; d, the caudal styles, or
tail-feelers. In this figure we sce how slight are the differences between the
feelers of the head, the oar-like swimming organs, and the caudal filaments; we
can easily see that-they are but modifications of a common form, and all arise
from the common limb-bearing region of thc body. The alimentary canal, with
the proventriculus, or anterior division of the stomach, occupies the middle of the

body; while the mouth opens on the under side of the head.— From 4. Agassiz.
F1G. 7. Embryo of the Crawfish.— From Rathke.

1*
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guishable from each other. Here we see the embryo divided
into a head-thorax and a tail. .

It is the same with Insects. Within the egg at the dawn of
life they are flattened oblong bodies curved upon the yclk-
mass. DBefore hatching they become more cylindrical, the
limbs bud out on the sides of the rings, the head is clearly
demarked, and the young caterpillar soon steps forth from the
cgg-shell ready armed and equipped for its riotous life.

As will be seen in Fig. 8, the legs, jaws, and antennse are
first started as buds from the side of the rings, being simply

elongations of the body-wall,

which bud out, become larger,

and finally jointed, until the

z buds arising fro.n the thorax or

abdomen become legs, those

from the basc of the head be-

come jaws, while the antennse

and palpi sprout out from the

front rings of the head. Thus

while the bodies of all articulates

“Fig. s are built up from a common em-

bryonic form, their appendages, which are so diverse, when we

compare a Lobster’s claw with an Insect’s antenna, or a Spider’s

spinneret with the hinder limbs of a Centipede, are yet but

modifications of a common form, adapted for the different uses
to which they are put by these animals.

Fi1G. 8. A Caddis, or Case-fly (Mystucides) in the egg, with part of the yolk
(r) not yet inclosed within the body-walls. a, antennae; between a and b the mandi-
bles: », maxilla; ¢, labium; d, the separate eye-spots (ocelli), which afterwards in-
ercase greatly in number and unite to form the compound cye. The *“neck” or
Junction of the hewul with the thorax is seen at the front part of the yolk-mnss; e,
the three pairs of legs, which are foliled once on the ‘ven:,f,lhe pair of anal legs
attached to the tenth ring of the alxlomen, as scen in caterpillars, which form long
antenna-like filaments in the Cockroach and May-fly, eto. The rings of the body are
but partially formed; they are cylindrical, giving the baly a worm-like form.
Here, as in the other two figures, though not so distinctly seen, the antenns, jaws,
and last pair of abdominal legs are modifications of but a single form, and grow
out from the side of the bady. The head-appendages are directed forwards, as
they are to be adapted for sensory and feeding purposes; the legs are directed
downwards, since they are to support the insect while walking. 1tappears that the
two ends of the body are perfected before the middle, and the under =idle before the
upper, as we see the yolk-mass is not yet inclosed and the rings not yet formed
above. Thus all articulates differ from all vertebrates in having the yolk-mass
situated on the back, instead of on the belly, as in the chick, dog, or human em-
bryo.— From Zaddach.
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The Worm is long and slender, composed of an irregular
number of rings, all of very even size. Thus, while the size of
the rings is fixed, their number is indeterminate, varying from
twenty to two hundred or more. The outline of the body is a
single cylindrical figure. The organs of locomotion are fleshy
filaments and hairs (Fig. 3, /) appended to the sides.

In one of the low intestinal worms, the Tape-worm ( Tenia),
each ring, behind the head and ‘“ neck,” is provided with organs
of reproduction, so that when the body becomes broken up
into its constituent elements, or rings (as often occurs naturally
in these low forms for the more ready propagation of the
species, since the young are exposed to many dangers while °
living in the intestines of animals), they become living inde-
pendent beings which ‘‘move freely and somewhat quickly
like Leaches,” and until their real nature was known they
were thought to be worms. This and other facts prove, that,
in the Worm, the vitality of the animal is very equally dis-
tributed to each ring. If we cut off the head or tail of some
of the low worms, such as the Flat Worms (Planaria, etc.),
cach piece will become a distinct animal, but an Insect or Crab
sooner or later dies when deprived of its head or tail (abdomen).

Thus, in the Worm the vital force is very equally distributed
to each zodlogical element, or ring of the body; no single
part of the body is much honored above the rest, so as to sub-
ordinate and hold the other
parts in subservience to its
peculiar and higher ends in
the animal economy.

The Crustacean, of which
the Shrimp (Fig. 9) is a
typical example, is com-
posed of a determinate
number (21) of rings which Fig. 9.
are gathered into two regions; the head-thorax (cephalo-
thorax) and hind-body, or abdomen. In this class there
is a broad distinction between the anterior and posterior ends
of the body. The rings are now grouped into two regions,
and the hinder division is subordinate in its structure and

F10. 9. A Shrimp. Pandalus ansulicornis. a, cephalothorax; b, abdomen.
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uses to the forward portion of the body. Hence the nervous
power is transferred in some degree towards the head; the
cephalothorax containing the nervous centres from which nerves
are distributed to the abdomen. Nearly all the organs perform-
ing the functions of locomotion and sensation reside in the front
region; while the vegetative functions, or those concerned
in the reproduction and nourishment of the animal, are mostly
carried on in the hinder region of the body (the abdomen).

The typical Crustacean cannot be said to have a true head,
in distinction from a thorax bearing the organs of locomotion,
but rather a group of rings, to which are appended the organs
" of sensation and locomotion. Hence we find the appendages
of this region gradually changing from antennsz and jaws to
foot-jaws, or limbs capable of eating and also of locomotion ;
they shade into each other as seen in Fig. 9. Sometimes the
jaws become remarkably like claws ; or the legs resemble jaws
at the base, but towards their tips become claw-like; gill-like
bodies are sometimes attached to the foot-jaws, and thus, as
stated by Professor J. D. Dana in the introduction to his great
work on the Crustacea of the United States Exploring Expedi-
_ tion, the typical Crustaceans do not have a distinct head, but
rather a ‘‘head-thorax” (cephalothorax).

When we rise a third and last step into the world of Insects,
we see a completion and final development of the articu-
late plan which has been but obscurely hinted at in the two
lowest classes, the Worms and Crustaceans. Here we first meet
with a true head, separate in its structure and functions from
the thorax, which, in its turn, is clearly distinguishable from
the third region of the body, the -abdomen, or hind-body.
These three regions, as seen in the Wasp (Fig. 10), are cach
provided with three distinct sets of organs,
each having distinct functions, though all are
governed by and minister to the brain force,
= now in a great measure gathered up from the
Fig. 10. posterior rings of the body, and in a more
concentrated form (the brain being larger than in the lower
articulates) lodged in the head.

Here, then, is a centralization of parts headwards; they are

FI1G. 10. Philanthus ventilabris Fabr. A Wood-wasp.— From Say.
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brought as if towards a focus, and that focus the head, which
is the meaning of the term ¢ cephalization,” proposed by Pro-
fessor Dana.* Ring distinctions have given way to regional
distinctions. The former characterize the Worm, the latter
the Insect. In other words, the division of the body into three
parts, or regions, is in the insect, on the whole, better marked
than the division of any one of those parts, except the abdo-
men, into rings.

CoxrosiTION OF THE INSECT-CRUST. Before describing the
composition of the body-wall, or crust, of the Insect, let us
briefly review the mode in which the same parts are formed in
the lower classes, the Worms and Crustaceans. We have seen
that the typical ring, or segment (called by authors zodnule,
zodnite, or somite, meaning parts of a body, though we prefer
the term arthromere, denoting the elemental part of a jointed
or articulate animal), consists of an upper (tergite), a side
(pleurite), and an under piece (sternite). This is seen in its
greatest simplicity in the Worm (Fig. 2), where the upper and
ventral arcs are separated by the pleural region. In the Crus-
tacean the parts, hardened by the deposition of chitine and
therefore thick and unyielding, have to be farther subdivided to
secure the necessary amount of freedom of motion to the body
and legs. The upper arc not only covers the back of the ani-
mal, but extends down the sides; the legs are jointed to the
epimera, or flanks, on the lower arc; the episternum is situated
between the epimerum and sternum; and the sternum, form-
ing the breast, is situated between the legs. In the adult, there-
fore, each elemental ring is composed of six pieces. It
should, however, be borne in mind that the tergum and ster-

* In two papers on the Classification of Animals, published in the American
Journal of Science and Arts, Second Series, vol. xxxv, p. 65, vol. xxxvi, July, 1868,
and also in his earlier paper on Crustaceans, *the principle of ccphalization is
shown to be exhibited imals in the following ways:

1. By a transfer of members from the locomotive to the cephalic series.

3. By the anterior of the locomotive organs participating to some extent in ce-
phalic functions.

3. By increased abbreviation, ration, tness, and perfection of
structure, in the parts and organs of the anterior pomon of the body.

4. By increased abbreviation, condensation, and perfection of structure in the
poeterior, or gastric and caudal portion of the body.

5. By an upward rise in the cephalic end of the nervous system. This rise
reaches its extreme limit in Man.”
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num each eonsist, in the embryo, of two lateral parts, or halves,
which, during development, unite on the median line of the
body. Typically, therefore, the crustacean ring consists pri-
marily of eight pieces. The same number is found in all insccts
which are wingless, or in the larva and pupa state ; this applies
-also to the Myrivpods and Spiders.

In the Myriopoda, or Centipedes, the broad tergum overlaps
the small epimera, while the sternum is much larger than in
the Spiders and Insects. In this respect it is like the browl
flat under-surface of most worms. Hence the legs of the
Centipede are inserted very far apart, and the ¢ breast,” or
sternuin, is not much smaller than the dorsal part of the crust.
In the Julus the dorsal piece (tergum) is greatly developed
over the sternum, but this is a departure from what is ap-
parently the more typical form of the order, . e. the Centipede.
In the Spiders there is a still greater disproportion in size
between the tergum and the sternum, though the latter is very
large compared with that of Insects. The epimera and episterna,
or side-pieces of the Spiders, are partially concealed by the
over-arching tergum, and they are small, since the joints of the
legs are very large, Audouin’s law of development in Articu-
lates showing that one part of the insect crust is always
developed at the expense of the adjoining part. In the Spider
we notice that the back of the thorax is a single solid plate
consisting originally of four rings consolidated into a single
hard piece. In like manner the broad solid sternal plate
results from the reunion of the same number of sternites cor-
responding, originally, to the number of thoracic legs. Thus
the whole upper side of the head and thorax of the Spider is
consolidated into a single hard horny immovable plate, like
the upper solid part of the cephalothorax of the Crab or
Shrimp. Hence the motions of the Spiders are very stitf com-
pared with those of many Insects, and correspond to those of
the Crab.

The crust of the winged insect is modified for the per-
formance of more complex motions. It is subdivided in so
different a manner from the two lower orders of the class, that
it would almost seem to have nothing in common, structurally
speaking, with the groups below them. It is only by examin-
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ing the lowest wingless forms such as the Louse, Flea,
Lodurg, and Bark-lice, where we see a transition to the Or-
ders of Spiders and Myriopods, that we can perceive the plan
pervading all these forms, umiting them into a common
class. :

A scgment of a winged six-footed insect (Hexapod) consists
typically of eight pieces which we will now examine more
leisurely. Figure 12 represents a side-view of
the thorax of the Telea Polyphemus, or Silk- pt
worm moth, with the legs and wings removed.
Each ring consists primarily of the tergum, the
two side-pieces (epimerum and episternum) and

scm pin

the sternum, or breast-plate. But one of these Fig. 11.
pieces (sternum) remains simple, as in the lower orders. The
tergum is divided into four pieces. They were named by Au-

douin going from before backwards, Fig. 12.
ms scm m3

~ the preescutum, scutum, scutellum,
and postscutellum.

The scutum is invariably present #*
and forms the larger part of the - \\ \ \ I
upper portion (tergum) of the tho- o \\_A \ X/ em

rax; the scutellum is, as its name em- om”
indicates, the little shield so promi- .

nent in the beetle, which is also ¢ Y& O,
uniformly present. The other two trie o' trc” tr

pieces are usually minute and 13 3

crowded down out of sight, and placed between the two oppos-
ing rings. As seen in Fig. 11, the prescutum of the moth is
a small rounded piece, bent vertically down, so as not to be
seen from above. In the lowly organized Hepialus, and some

F1G. 11. Tergal view of the middle segment of the thorax of Telea Polyphemus.
prm, prescutum; ms, scutam; scm, scutellam; ptm, postscutellum; p?, patagium,
or shouliler tippet, covering the insertion of the wings. — Original.

Fi1G. 12. Side view of the thorax of T. Polyphemus, the hairs removed. 1, Pro-
thorax; 2, Mesothorax; 3, Metathorax, separated by the wider black lines. Tergum
of the prothorax not repr d. ms, um; scm, tellum; ms”,
metascutuin; scm’™, metascutellum; pt, a supplementary piece near the inser-
tion of patagia; w, pieces situated at the insertion of the wings and surrounded by
membrane; em, epimerum of prothorax, the long upright piece above being the
episternum; epm”, episternum of the mesothorax; em”, epimerum of the same;
epm”™, episternum of the metathorax; em™, epimerum of the same, divided into two
pieces; ¢, ¢", ¢”, coxm; te¢, le', l¢”, trochantines; ¢r, ¢r, tr, trochanters.

Original.
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Neuroptera, such as the Polystechotes (Fig. 13a), the pre-
scutum is large, well developed, triangular, and wedged in
between the two halves of the scutum. The little |
piece succeeding the scutellum, i.e. the postscu-
tellum, is still smaller, and rarely used in descrip-
tive entomology. Thus far we have spoken of the 3
middle, or mesothoracic, ring, where these four
pieces are most equally developed. In the first,*
or prothoracic, ring, one part, most probably the
scutum, is well developed, while the others are
aborted, and it is next to impossible to trace them
in most insects. The prothorax in the higher in-
sects, such as the Hymenoptera, Lepidoptera, and Diptera is
very small, and often intimately soldered to the succeeding or
mesothoracic ring. In the lower insects, however, such as the
Coleoptera, the bugs (Hemiptera), grasshoppers and their
allies (Orthoptera), and the Neuroptera, the large broad pro-
thorax consists almost entirely of this single piece, and most
writers speak of this part under. the name of *‘thorax,” since
the two posterior segments are concealed by the wings when
the animal is at rest. The metathorax is usually very broad
and short. Here we see the scutum split 'nsunder, with the
prescutum and scutellum wedged in between, while the post-
scutellum is aborted.

On the side are two pieces, the upper (epimerum) placed
just beneath the tergum, which is the collective name for the
four tergal, or dorsal, pieces cnumerated above. In front of
the epimerum and resting upon the sternum, as its name im-
plies, is the episternum. These two parts (pleurites) compose
the flanks of the elemental ring. To them the legs are articu-
lated. Between the two episterna is situated the breast-piece
(sternum), which shows a tendency to grow smaller as we
ascend from the Neuroptera to the Bees.

In those insects provided with wings, the epimera are also
subdivided. The smaller pieces, hinging upon each other, as
it were, give play to the very numerous muscles of flight

Fig. 13.

FIG. 13. A tergal view of thorax of Hepialus (Sthenopis); 1, prothorax; 2.wmeso-
thorax; 3, metathorax. The prothorax is very small compared with that of Poly-
stachotes (13 a, 1), whero it is noarly as long as broad. — Original.
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needed by the insect to perform its complicated motions
while on the wing.

The insertion of the fore wing is concealed by the ¢¢shoulder
tippets,” or patagia (Fig. 11), which are only present in the
mesothorax. The external opening of the spiracles just under
the wing perforates a little piece called by Audouin the peri-
treme.

A glance at Figures 11 and 12 shows how compactly the
various parts of the thorax are agglutinated into a globular
mass, and that this is due to the diminished size of the first
and third rings, while the middle ring is greatly enlarged to
support the muscles of flight. There are four tergal, four
pleural, two on each side (and these in the Hymenoptera, Lepi-
doptera, and Diptera subdivide into several pieces), and a
single sternal piece, making nine for each ring and twenty- -
seven for the whole thorax, with eight accessory pieces (the
three pairs of peritremes and the two patagia), making a total
of thirty-five for the entire thorax; or, multiplying the four
tergal pieces by two, since they are formed by the union of two
primitive pieces on the median line of the body, we have
thirty-nine pieces composing the thorax.

TABLE OF THE PARTS OF THE THORAX APPLIED TO THE PRO-,
MESO-, AND METATHORAX, RESPECTIVELY.

Prescutum,
Dorsal Scutum,
Surface ) Scutellum,
Postscutellum.
Epimerum,
Thorax Is’lc\;’ral g Episternam,
urfact ¢ Episternal apophysis, Stigma, Peritreme.

Lg;ermfncacl { Sternum.

We must remember that these pieces are rarely of precisely
the same form in any two species, and that they differ, often in
a very marked way, in different genera of insects. How sim-
ple, then, is the typical ring, and how complex are the va-
rious subdivisions of that ring as seen in the actual, living
insect, where each part has its appropriate muscles, nerves, and
traches |

We have seen how the thorax is formed in Insects generally,
let us now advert to the two types of thorax in the six-footed
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insects. In the higher series of suborders, comprising the Dip-
tera, Lepidoptera and Hymenoptera, placing the highest last,
the thorax shows a tendency to assume a globular shape ; the
upper side, or tergum, is much arched, the pleural region bulges
out full and round, while the legs conceal at their insertion
the sternum which is minute in size.

In the lower series, embracing the Coleoptera, Hemiptera,
Orthoptera, and Neuroptera, the entire body tends to be more
flattened ; in the thorax the tergum is broad, especially that of
the prothorax, while the pleurites (episterna and epimera) are
short and bulge out less than in the higher series, and the ster-
num is almost invariably well developed, often presenting a
large thick breast-plate bearing a stout spine or thick tubercle,
as in (Edipoda. We can use these characters, in classifying
insects into suborders, as they are common to the whole order.
Hence the use of characters drawn from the wings and mouth-
parts (which are sometimes wanting), leads to artificial dis-
tinctions, as they are peripheral organs, though often convenicent
in our first attempts at classifying and limiting natural groups.

The abdomen. In the hind body, or third region of the
trunk, the three divisions of the typical ring (arthromere), are
entire, the tergum is broad and often not much greater in ex-
tent than the sternumn; and the pleurites also form either a
single piece, or, divided into an epimerum and episternum,
form a distinct lateral region, on which the stigmata are sit-
uated. The segments of the abdomen have received from
Lacaze-Duthiers a still more special name, that of write, and
the different tergal pieces belonging to the several rings,
but especially those that have been modified to form the genital
armor have been designated by him as tergites. We have
applied this last term to the tergal pieces generally. The typi-
cal number of abdominal segments is eleven. In the lowest
insects, the Neuroptera, there are usually eleven; as we have
counted them in the abdomen of the embryo of Diplar. In
others, such as the Hymenoptera and Lepidoptera, there may
never be more than ten, so far as present observation teaches
us.

The formation of the sting, and of the male intromittent
organ, may be observed in the full-grown larva and in the in-
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complete pupa of the Humble-bee, and other thin-skinned
Hymenopterous larve, and in a less satisfactory way in the
young Dragon-flies.
If the larva of the Humble-bee be taken just after it has
become full-fed, and as it is about to enter upon the pupa state,
the elements

o‘o ) <3'C> (sterno - rhab- '

’@JU& dites Lacaze-
Duthiers), or
tu bercles,

w} destined to Fig. 16,

form the ovipositor, lie in
separate pairs, in two groups,

m u. mg 15. - exposed distinctly to view,

as in Figures 14-18. The ovipositor thus consists of three
pairs of slender non-articulated tubercles, situated in juxta-
position on each side of Fig. 17. 17a.

the mesial line of the
body. The first pair arises
from the eighth abdominal
ring, and the second and
third pair grow out from
the ninth ring. The ends
of the first pair scarcely
reach beyond the base of
the third pair. With the
growth of the semi-pupa,
the end of the abdomen °

decreases in size, and is l"?ig. 18.

Fi6. 14. Rudiments of the sting, or ovipositor, of the Humble-bee. 8, 9, 10,
sternites of eighth, ninth, and tenth abdominal rings in the larva. a, first pair, situ-
ated on the eighth sternite; b, second and inner pair; and ¢, the outer pair. The let-
tering is the same in figures 14-22. The inner pair (b), forms the true ovipositor,
through which the eggs are supposed to pass when laid by the insect, the two
outer pairs, a and ¢, sheathing the inner pair. Ganin shows that in the embryo of
Polynema (Fig. 633), the three pairs of tubercles arise from the 7th, 8th and 9th s=g-
ments respectively. Fi1G. 15,16. The same a little farther advanced.

FIG. 17. The three pairs now appear as if together growing from the base of the
ninth segment; 17a, side view of the same, showing the end of the abdomen grow-
ing smaller through the diminution in size of the under side of the body.

F1G. 18. The three pairs of rhabdites now nearly equal in size, and nearly
ready to unite and form a tube; 18a, side view of the same; the end of the abdo-
men still more pointed; the ovipositor is situated Letween the seventh and tenth
rings, and is partially retracted within the body.
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gradually incurved toward the base (Fig. 18), and the three
pairs of rhabdites approach each other so closely that the two
outer ones completely ensheath the inner, until a complete
extensible tube is formed, which is gradually withdrawn entirely
within the body.
The male genital organ is originally composed of three pairs
(two pairs, apparently, in &s-
o ¢hna, Fig. 19) of tubercles all
arising from the nintk abdominal
ring, being sternal outgrowths
and placed on each side of the
mesial line of the body, two be- Fig. %0.
Cm) ¢ ing anterior, and very unequal in size, and the
Fig.19.  third pair nearer the base of the abdomen. The ex-
ternal genital organs are to be considered
as probably homologous with the limbs, as |
Ganin has shown that they bud out in the
, Same manner from (sce p. 704
fig. 655) the arthromere.®
¢ > This view will apply to the t
Fig.21.  genital armor of all Insects, 8o
far as we have been able to observe. It is
so in the pupa of Eschna (Fig. 21), and
the pupa of Agrion (Fig. 22), which com-
pletely repeats, in its essential features, the Fig. 2.
structure of the ovipositor of Bombus. Thus in 4 schna and
Agrion the ovipositor consists of a pair of closely appressed ensi-
form processes which grow out from under the posterior edge of
the eighth abdominal ring, and are embraced between two pairs

 This term is proposed as better defining the ideal ring, or primary zodlogical
element of an articulated animal than the terms somite or rodnife, which seem too
vague; we also propose the term arthroderm for the outer crust, or body walls, of
Articulates, and arthropleura for the pleural, or limb-bearing region, of the body,
being that portion of the arthromere situated between the tergite and sternite.

Fi1G. 19. The rudiments of the male intromittent organ of the pupa of Eschna,
consisting of two flattened tubercles situated on the ninth ring; the outer pair
large and rounded inclosing the smaller linear oval pair.

F1G. 20. The same in the Humble-bee, but consisting of three pairs of tubercles,
z, ¥, 3; 8,9, 10, the last three seg ts of the abd

F1G. 21. The rudimentary ovipositor of the pupa of .£schna, a Dragon-fly.

F1G. 23. The same in pupa of Agrion, a small Dragon-fly. Here the rudiments
of the eleventh abdominal ring are seen, d, the base of one of the abdominal false
gills. The ovipositor of Cicada is formed in the same way. — Figs. 1{-22 original.
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of thin lamelliform picces of similar form and structure, arising
from the sternite of the ninth ring. These outgrowths appar-
ently also homologize with the filiform, antennse-like, jointed
appendages of the eleventh ring, as seen in the Perlidee and
most Neuroptera and Orthoptera (especially in Mantis tes-
sellata where they (Fig. 23) closely of . =
resemble antenns), which, arising as

they do from the arthropleural, or limb- >

bearing region of the body, i. e. between Fig. 23.

the sternum and episternum, are strictly homologous with the
abdominal legs of the Mjyriapoda, the ‘‘false legs” of cater-
pillars, and the abdominal legs of some Neuropterous larvee
(Corydalis, Phryganeide, etc.).

It will thus be seen that the attenuated form of the tip is
produced by the decrease in size of certain parts, the actual
disappearance of others, and the perfection of those parts to
be of future use. Thus towards the extremity of the body
the pleurites are absorbed and disappear, the tergites overlap
on the sternites, and the latter diminish in size and are
withdrawn within the body, while the last, or eleventh sternite,
entirely disappears.* Meanwhile the sting grows larger and

larger, until finally we
have the neatly fashioned
abdominal tip of the bee
¢ concealing the complex
_ sting with its intricate
system of visceral ves-
Fig. 24. . sels and glands.

The ovipositor, or sting, of all insects, therefore, is formed

on a common plan (Fig. 24). The solid elements of the arthro-

*In Ranatra, however, Lacaze-Duthiers has noticed the curious fact that in
order to form the long respiratory tube of this insect, the tergite and sternite of the
pregenital (eighth) segment are aborted, while the plcurites are enormously en-
larged and elongated, so as to carry the stigmata far out to the end of the long tube
thus formed.

FIG. 23. End of the abdomen of Mantis tessellata: p, many-jointed anal style
resembling an antenna. 5-11, the last seven aldominal segments; the &-11th ster-
nites being obsolete. — From Lacaze- Duthiers.

Fi1G. 24. Ideal plan of the structure of the ovipositor in the adult insect. 1-Tt,
the tergites, connected by dotted lines with their corresponding sternites. b, the
eighth tergite, or anal scale; ¢, epimerum; a', @, two pieces forming the outer pair
of rhabdites; i, the second pair, or stylets; and f, the inner pair, or sting; d, the

2
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mere are modified to form the parts supporting the sting alone.
The external opening of the oviduct is always situated between
the eighth and ninth segments, while the anal opening lies at
the end of the eleventh ring. So that there are really, as
Lacaze-Duthiers observes, three segments interposed between
the genital and anal openings.

The various modifications of the ovipositor and male organ
will be noticed under the different suborders.

THE STRUCTURE OF THE HEAD. After studying the com-
position of the thorax and abdomen, where the constituent
parts of the elemental ring occur in their greatest simplicity,
we may attempt to unravel the intricate structure of the head.
We are to determine whether it is composed of one, or more,
segments, and if several, to ascertain how many, and then to
learn what parts of the typical arthromere are most largely
developed as compared with the development of similar parts
in the thorax or abdomen. In this, perhaps the most difficult
problem the entomologist has to deal with, the study of the
head of the adult insect alone is only guesswork. We must
trace its growth in the embryo. Though many writers consider
the head as consisting of but a single segment, the most emi-
nent entomologists have-agreed that the head of insects is com-
posed of two or more segments. Savigny led the way to these
discoveries in transcendental entomology by stating that the
appendages of the head are but modified limbs, and homol-
ogous with the legs. This view at once gave a clue to the
complicated structure of the head. If the antenne and biting
organs are modified limbs, then there must be an elemental
segment present in some form, however slightly developed in
the mature insect, to which such limbs are attached. But the
best.observers have differed as to the supposed number of such
theoretical segments. Burmeister believed that there were two
only ; Carus and Audouin thought there were three; McLeay
and Newman four, and Straus-Durckheim recognized seven.
From the study of the semipupa of the Humble-bee (Bombus)

support of the sting; e, the support of the stylet (§). R, the anus; O, the outlet of
the oviduct. The seventh, eighth, and ninth sternites are aborted. — From Lacaze
Duthiers,
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and several low Ncuropterous forms, as the larva of Ephemera,
but chiefly the embryos of Diplax, Chrysopa, Attelabus, Nema-
tus, and Pulex, we have concluded that there are four such ele-
mental segments in the head of hexapodous insccts.

On reference to fig. 57 it will be seen that there is a sternal
portion on the under side of the two posterior segments of the
head, and in the embryo of Attelabus we have seen sterna also
developed in the antennal and mandibular segments, so that we
may conclude that there are four segments in the head of all
six footed insects, corresponding to the jointed appendages,
t. e. the labium, or second maxille, the first maxillee, the man-
dibles, and the antennge. Though having, in accordance with
the generally received opinions of Milne-Edwards, Dana, and
others, believed that the eyes of Crustacea, and therefore of
Insects, were the homologues of the limbs, and developed on
separate segments placed in front of the antennal segment, as
stated in the previous editions of this work; I have, however,
on farther study of the subject, been led to reconsider the mat-
t:r, and decide that the eyes are but modified dermal sense
cells, and in certain articulates developed on limb-bearing seg-
ments. Thus in the King Crab (Limulus) a pair of ocelli are
situated on the first segment of the body, and the large com-
pound cyes grow out on the back of the third segment, both
bearing limbs. In the embryos of all the insects yet exam-
ined, the eyes are groups of specialized cells of the skin which
grow out on the upper, or tergal, side of the same segment
which bears the antennge. In certain mites, as Hydrachna, and
its allies, the simple eyes arc situated over the second pair of
legs, and at a considerable distance behind the head. Among
the worms, also, organs of sight, as in Polyophthalmus, are
developed on each segment of the body ; or, as in certain Pla-
narians, scattered irregularly over the body.

The three ocelli, when present, are developed after the eyes
appear. Each of thesec three ocelli is sitnated upon a distinct
piece ; but we must consider the anterior single ocellus as in
reality formed of two, since in the immature pupa of Bombus
the anterior ocellus is transversely ovate, resulting from the

"fasion of two originally distinct ocelli. There are, therefore,
apparently two pairs of ocelli. The clypeus and labrum are
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simply a fold of the skin of the front part of the antennary
segment, and are not to be compared with the tergite or rudi-
ment of the eleventh segment of the abdomen.

Now, since the arthropleural is the limb-bearing region in
the thorax, it must follow that this region is quite well devel-
oped in the head, while the tergal region, bearing the organs of
sight, sometimes of enormous size, is perhaps still more largely
developed ; and as all the parts of the head are subordinated
in their development to that of the appendages of which they
form the support, it must follow logically that the larger por-
tion of the body of the head is pleural and tergal, and that the
sternal parts are very slightly developed. Thus each region of
the body is characterized by the relative development of the
thrce parts of the arthromere. In the abdomen the upper
(tergal) and under (sternal) surfaces are most equally devel-
oped, while the pleural line is reduced to a minimum. In the
thorax the pleural region is much more developed, either quite
as much, or often more than the upper, or tergal portion, while
the sternal is reduced to & minimum. In the head the tergites
form the main bulk of the region, and the sternites are reduced
to a minimum.

TABLF. OF THE SEGMENTS OF THE HEAD AND THEIR APPENDAGES,
BEGINNING WITH THE MOST ANTERIOR.

Preoral.
Antenne, together with
First Segment %Tergal, gthe labrum, epipharynx,
(Antennary), clypeus, cyes, and ocelll.
Postoral.
Second Segment
( Mandibular), }Plenml, Mandibles.
Third Segment
Pt Yoo tton), }Plenml, First maxille.
Fourth Segment Tergal (occiput),
(Second Mazillary, or) i Pleural (gena), Scc‘};‘{ﬂ"‘“‘m‘”
Labial), Sternal (gula), (Lablum).

The Appendages. We naturally begin with the thoracic
appendages, or legs, of which there is a pair to each ring. The
leg (Fig. 25) consists of six joints, the basal one, the coza, in
the Hymenoptera, Lepidoptera, and Diptera, consisting of two
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pieces, t.e. the coxa and trochantine (see Fig. 12); the tro-
chanter ; the femur; the tibia, and, lastly, the tarsus, which is
subdivided into from one to five joints, the latter being

the normal number. The terminal joint ends in a pair

of claws between which is a cushion-like sucker called

the pulvillus. This sucking disk enables the Fly to

walk upside down and on glass.

In the larva, the feet are short and horny, and the Fig.2s.
joints can be still distinguished. In Myriopods, each segment
of the abdomen has a pair of feet like the thoracic ones. We
must consider the three pairs of spinnerets of Spiders, which
are one to three-jointed, as homologous with the jointed limbs of
the higher insects. In the six-footed insects (Hexapoda), the
abdominal legs are deciduous, being present in the Coleopterous
grub, the Dipterous maggot, the caterpillar, and larva of the
Saw-fly, but disappearing in the pupa state. They are often,
as in most maggots, either absent, or reduced in number to the
two anal, or terminal pair of legs ; while in the Saw-flies, there
are as many as eight pairs. These ‘false” or ‘ prop-legs”
are soft and fleshy, and without articulations. At the retrac-
tile extremity is a crown of hooks, as seen in caterpillars or the
hind-legs of the larva of Chironomus (Fig. 26), in which the
prothoracic pair of legs is reduced to inarticu-
late fleshy legs like the abdominal ones.

The position of the different pairs of legs
deserves notice in connection with the principle
of ‘ antero-posterior symmetry.” The fore-
legs are directed forwards like the human arms,  Fig- 3.
but the two hinder pairs are directed backwards. In the Spiders,
three pairs of abdominal legs (spinnerets) are retained through-
out life; in the lower Hexapods, a single pair, which is ap-
pended to the eleventh segment, is often retained, but under
a form which is rather like an antenna, than limb-like. In
some Neuropterous larvee (Phryganea, Corydalus, etc.) the
anal pﬁr of limbs are very well marked; they constitute the
‘“anal forceps” of the adult insect. They sometimes become
true, many-jointed appendages, and are then remarkably like

F1a. 25. A, coxa; B, trochanter; C, femur; D, tibia; F, tibial spurs; E, tarsus,
divided into five tarsal joints, the fifth ending in & claw.— From Sanborn.
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antenne, as in the instance of Muntis tessellata described by
Lacaze-Duthiers (Fig. 23). In the Cockroach these append-
ages, sometimes called ¢ anal cerci,” resemble the antennge of
the same insect. In the Lepidoptera and Hymenoptera they
do not appear to be jointed, and are greatly aborted.

The Wings. The wings of insccts first appear as little soft
vascular sacs permeated by trachem. They grow out in the
preparatory stages (Fig. 27) of the pupa from the side of the

E thorax and above the insertion of the
legs, i.e. between the epimerum and
= tergum. During the pupa state they
are pad-like, but when the pupa skin is
— thrown off they expand with air, and
in a few minutes, as in the Butterfly,
enlarge to many times their original
size. The wings of insects, then, are
simple expansions of the crust, spread
over a framework of horny tubes.
These tubes are really double, consist-
] ing of a central trachea, or air tube,
Fig. 11. inclosed within a larger tube filled with
blood, and which performs the functions of the veins. Ience
the aération of the blood is carried on in the wings, and thus
they serve the double purpose of lungs and organs of flight.

The number and situation of these veins and their branches
(veinlets) are of great use in separating genera and species.
The typical number of primary veins is five. They diverge
outward at a slight angle from the insertion of the wing, and
are soon divided into veinlets, from which cross veins are
thrown out connecting with others to form a net-work of veins
and veinlets, called the wvenation of the wing (Figs. 28, 29).
The interspaces between the veins and veinlets are called cells.

At a casual glance the venation seems very irregular, but in
many insects is simple enough to enable us to trace and name
the veinlets. The five main veins, most usually present, are

FI1G. 27. The semipupa of Bombus, the larva skin having been removed, show-
ing the two pairs of rudimentary wings growing out from the mesothorax (£), and
metathorax (m). n and the seven succeeding dots represent the eight abdominal
stigmata, the first one (n) being in the pupa sitnated on the thorax, since the first
ring of the abdomen is in this stage joined to the thorax. — Original,
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called, beginning at the costa, or front edge, the costal, subcostal,
median, submedian, and internal, and sometimes the median
divides into two, making six . Fig.%
veins. The costal vein is un-
divided ; the subcostal and me-
dian are divided into several |
branches, while the submedian
and internal are usually simple.
The venation of the fore-
wings affords excellent marks
in separating genera, but that
of the hind wings varies less,
and is consequently of less use.
The wings of many insects
are divided by the veins into
three well-marked areas; the
costal, median, and internal.
The costal area (Fig. 310) forms
the front edge of the wing and
is the strongest,
since the veins are
nearer together than .
elsewhere, and thus *?
afford the greatest
resistance to the air

F1G. 28. Fore and hind wings of a Butterfly, showing the venation. I. fore wing:
a, costal vein; b, subcostal vein; b1, b2, b3, b4, b3, five subcostal veinlets; ¢, inde-
pendent vein (it is sometimes a branch of the subcostal, and sometimes of the me-
dian vein); d, median vein; d}, d2, d3, d4,four median veinlets; e, submedian vein;
J, internal vein; A, interno-median veinlet (rarely found, according to Doubleday,
except in Papilioand Morpho); b and d are situated in the * discal cell; " g1, g2, 93,
the upper, middle, and lower discal veinlets. In the Bombycide and many other
moths g1 and g2 are thrown off from the subcostal and median veins respectively,
meeting in the middle of the cell at g2. They are sometimes wholly absent.

II. The hind wing; the lettering and names of the veins and veinlets the same
as in the fore wing. — Slightly changed from Doubleday

F1G. 20. Fore wing of a Hymenopterous insect. ¢, costal vein; sc, subcostal
vein; m, median vein; sm, submedian vein; {, internal vein; ¢, 1, 2, 8, the first,
sccond, and third costal cells; the second frequently opaque and then called the
Ppterostigma. sc, 1,2, 8, 4, the four subcostal cells; m, 1,2, 3, 4, the median cells;
sm, 1, 2, 3, the three submedian cells; i1, the internal cell; this is sometimes divided
into two cells, and the number of all but the costal cells is inconstant, the outer
row of cells (4, 4, 3) being the first to disuppear.

The costal edge extends from c to c; the outer c, the apex; the onter edge extends
from the apex (¢) to a, and the inner edge extends from a, the inner angle, to the
insertion of the wing at i.— Original. Figs. 30-32 from Scudder.
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during flight. The median area (Fig. 31 a) is the largest. It is
in the grasshoppers and crickets sometimes modified to form a
musical organ, being
drum-like, as in the
Ecanthus (Fig. 30), or
* rasp-like, a8 in Archyp-
tera (Fig. 81a). The
internal area (c) is the
smallest, and less dis- ;
tinctly marked than the Fig. 80.
two other regions; the musical file-like or-
gan of Orchelimum vulgare, a common grass-
hopper (Fig. 324d) is situated on this area.
Fig. 81. The limits of the edges of the wing vary
in almost every genus, and their comparative length affords
excellent generic characters. The front edge (Fig. 29) is called
the costal, its termina-
tion in the outer angle d
of the wing is called
the apex; the outer edge
is situated between the
apex and the inner an-
gle, between which and
the base of the wing is
the inner, or internal,
edge. These distinec-
tions are of most use Y
in describing the butter-
flies and moths.
& The Appendages of
Fig.31a. the Head. These organs
are divided into two groups,
the first of which comprise the
sensory organs, 1. e. the ocelli, Fig. 3.
eyes, and antenn®, which are attached to the region in front
of the mouth, or preoral region of the head. The second
group consists of the sensorio-digestive appendages, combining
the power of finding and seizing the food and preparing it for
digestion. They are inserted behind the mouth and belong
to the postoral region of the head.
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We will first describe the ocelli, which are theoretically the
most anterior organs of the head, ending with the basal appen-
dages, the labium (second maxille) being the hindermost.

The simple eye, Ocellus, or Stemma, is the simplest form of
the eye. Its most elementary form (seen in the larva of the
Bot-fly and the Cecidomyian larva of Miastor) is that of a brown
spot, or group of pigment-cells lodged under the skin and
against which a nerve-filament impinges. Over this spot New-
port states that the tegument is transparent and convex,
resembling a true cornea, or eye-lens. A well-developed
ocellus consists, according to Newport, of a ‘‘very convex,
smooth, single cornea, bencath which is a spherical crystalline
lens, resting upon the plano-convex surface of the expanded
vitreous humor, the analogue of the transparent cones of the
compound eyes.” Mailler believes that the function of the ocelli
is the perception of nearer objects, while that of the compound
eyes is to see more distant objects. The ocelli constitute the
only visual organs in the Myriapods (except Cermatia), the
Arachnida, and the larve of many Six-footed Insects; they

*are usually from one to six on a side. In adult insects

they are generally three in number, and
are generally present except in the large
majority of Coleoptera. Their normal site

is in front of the eyes, but they are usually Fig. 33.
thrown back, during the growth of the insect, behind the eyes,
on the vertex, or topmost part of the head (Fig. 33).

The Compound Eyes are a congeries of simple eyes. During
the growth of the inscct the simple eyes of the larva increase

in number, and finally coalesce to form the compound

@ eye, or compound cornea, the surface of which is

Fig. 3. very convex and protuberant in the predaceous insects,
or those requiring an extended ficld of vision.

The number of facets, or cornew, vary from fifty (in the Ant)
to 3,650, the latter number being counted by Geoffroy in the
eye of a Butterfly. These facets are usually hexagonal, as in
the Dragon-fly (Fig. 34), or, rarely, quadrangular.

F10. 33. Ocelli of three species of Sand-wasps, Pompilus. — From Cresson.

FI1G. 34. Threo hexagonal facets of the compound eye of a fossil Dragon-fly,
greatly magnified. — From Dawson.
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The Antennce (Figs. 35, 36) are inserted usually in the adult

insect between, or in front of the eycs, though in the embryo
they arc inscrted below and in front of the cyes.

It is normally a long, filiform, slender, many- ;W

jointed appendage, undergoing great changes

in form. When it is highly specialized, as in —8

Coleoptera and Hymenoptera, it is divided )

into three parts, the basal or ccape, the middle <

2\ or pedicel, and the terminal part or flugellum, Fig- 36
Fig. 35. or clavola, which usually comprises the greater part of
the antenna.

It is believed by some that the sense of hearing is lodged
in the antennse, though Sicbold has discovered an auditory
apparatus situated at the base of the abdomen of some, and
in the fore-legs of other species of Grasshoppers.

Mr. J. B. Hicks has made the latest studies on the auditory
apparatus. According to him ‘it consists first of a cell, sac,
or cavity filled with fluid, closed in from the air by a mem-
brane analogous to that which closes the foramen ovale in the
higher animals; second, that this membrane is, for the moste
part, thin and delicate, but often projects above the surface, in
either a hemispherical, conical, or canoc-shaped, or even hair-
like form, or variously marked ; thirdly, that the antennal nerve
gives off branches which come in contact with the inner wall of
the sacs ; but whether the nerve enters, or, as is most probable,
ends in the small internally projecting papilla which I have
shown to exist in many of these sacs, it is very difficult to say.
The principal part of the nerve proceeds to these organs, the
remaining portion passing to the muscles, and to the roots of
the hairs, at least to those of the larger sort.”” On the other
hand, Lefebvre, Leydig, and Gerstaecker regard this so-called
*‘ auditory apparatus” as an organ of smell.

The antennse have also the sense of touch, as may readily be
observed in Ants, Bees, and the Grasshopper and Cockroach.
“The Honey-bee, when constructing its cells, ascertains their
proper direction and size by means of the extremities of these

F16. 35. Filiform antenna of Amphizon.— From Horn.

FIG. 36. A, lamellate antenna of n Lamellicorn Beetle; B, antenna of a Fly,
with the bristle thrown off from the terminal joint; C, bristle-like antcnua of a
Dragon-fly, Libellula.— Fruin Sanborn.
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organs; while the same insect, when evidently affected by
sounds, keeps them motionless in one direction, as if in the act
of listening.” (Newport.)

After cutting off one or Loth antennw of the June beetle,
Lachnosterna, the inscct loses its power of directing its flight
or steps, wheeling about in a senseless manner. Dr. Clemens
observed that the Cecropia moth was similarly affected after
losing its antennse. ’

The Mandibles (Fig. 37) are inserted on each side of the
mouth-opening. They usually consist of but a single joint,

H E DO c B A
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Fig. 37

representing probably the basal part of the ideal limb. This
part, however, is often subdivided by two longitudinal furrows
into three parts, each ending in a ‘“tooth” of unequal size for
tearing and cutting the food. This tripartite form of the man-
dibles, to which attention has been called by Mr. Scudder, is
more fully carried out in the maxilla, where each portion is
highly specialized. The mandibles vary greatly in form and
size. The two cutting edges are usually opposed to each other,
or frequently overlap in the carnivorous forms. Their base is
often concealed by the clypeus
> and labrum. Their motion is
transverse, being the reverse of
the motion of the jaws of Ver-

tebrates.

a Fig.38. b The Mazille (Figs. 38b,39) are  Fig. 3.
much more complicated organs than the mandibles. They are

F16. 37. Different forms of mandibles. A, mandible of Cicindela purpurea; B,
Phylloptera, a green grasshopper; C, Libellula trimaculata; D, Vespa maculata, or
paper-making Wasp; E, “rostrum?” or jointed sucker of the Bed-bug, C¥mezr lectu-
larius, consisting of mandibles, maxille, and labium; F, proboscis, or sucker, of a
Mosquito, Culex, in which the mandibles are long and bristle-like.— From Sanborn.
G, mandible of AmpAizoa; H, mandible of Acratus,a genusof Cockchafers.— From
Horn.,

F1G. 38. a, mentum and labial palpi; b, one maxilla, with its palpus, of Acra-
tus.— From Horn.

F10. 30. Maxilla of Amphizoa, with the two lobes (stipes and lacinia), and the
palpifer bearing the four-jointed palpus.— From Horn.
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inserted on the under side of the head and just behind the
mouth. The maxilla consists of a basal joint, or cardo,
beyond which it is subdivided into three lobes, the stipes, or
footstalk ; the palpifer, or palpus-bearer; and the lacinia, or
blade. The stipes forms the outer and main division of the
organ. The lacinia is more membranaceous than the other
parts, and its upper surface is covered with fine hairs, and
forms a great part of the side of the mouth. It is divided
into two lobes, the superior of which is called the galea, or ,
helmet, which is often a thick double-jointed organ edged with
stiff hairs, and is used as a palpus in the Orthoptera and many
Coleoptera. The inferior lobe is attached to the internal angle
of the lacinia. It terminates in a stiff minute claw, and is
densely covered with stout hairs. The mazillary palpi are
long, slender, one to four-jointed organs. In Perla I have found
that both pairs of palpi bear organs probably of smell.

The maxille vary greatly in the different groups. Their office
is to seize the food and retain it within the mouth, and also to
aid the mandibles in comminuting it before it is swallowed.
This function reminds us of that of the tongue of vertebrate
animals. '

The labium, or second mazille (Fig. 40), is placed in front of
the gula, which forms the under part of the head, and is bounded

a on each side by the gence, or cheeks, and

posteriorly by the occiput. The gena are

w bounded laterally by the epicranium and
the under side of the eyes. In front are

Fig. 40. situated the basal parts of the labium, or

second maxillee, which embraces the submentum and mentum
(or labium proper). The labial palpi are inserted into the
mentum, but often the latter piece is differentiated into two,
the anterior of which takes the name of palpiger, called by
Dr. Leconte (Smithsonian Miscellaneous Collections) the ligula,
and the palpi originate from them. The ligula is the front
edge of the labium, being the piece forming the under lip.
It is often a fleshy organ, its inner surface being continuous

F1G. 40. Ligula and labial palpi of 4mphizoa, an aquatic beetle. Itis quadrate
and without paraglossse; a, mentum of the same, being deeply incised, and with a
tooth at the bottom of the excavation.— From Horn.
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with the soft membrane of the mouth. In the Bees, it is enor-
mously developed and covered with soft hairs. It is often
confounded with the palpiger. In Hydrous it is divided into
two lobes. In most of the Carabide and Bees jt is divided
into three lobes, the two outer ones forming the paraglossce
(Fig. 41m), and acting as feelers, while the middle, usually
much longer, forms the lingua, or tongue, being the continuation
of the ligula. In the bees, where
the ligula is greatly developed,
it performs the part of the tongue
in Vertebrates, and aids the max-
ille in collecting nectar and
pollen.

The roof of the mouth is
formed by the labrum and the
epipharynz (Fig. 42c), a small
fleshy tubercle concealed beneath
the labrum. It is seen in the
bees on turning up the labrum.
It probably corresponds to the
“labellum” of Schiodte. The
labrum (Fig. 41e) is usually |
transverse and situated in front
of the clypeus (Fig. 41b). The u
shield-like clypeus is the broad, Fig. 41.
visor-like, square piece forming usually the front of the head.
Behind it, is the clypeus posterior, or supra-clypeus, a subdivision
of the clypeus, and especially observable in the Hymenoptera.
The epicranium forms a large part of the head; it is bounded
posteriorly by the occiput, on the sides by the eyes, and in
front by the clypeus, and though usually described as a
single piece, is really composed of several. The ocelli often
appear to be situated upon it, though in reality they are placed
upon a distinct piece or pieces. The ¢ epicranial suture” is the
line of junction of the two ¢ procephalic lobes” (Huxley).

FiG. 41. Front view of the head of a bee, Anthophora. a, compound eyes; ¢,
three simple eyes, situated upon the epicranium; b, clypcus; e, labrum; d, an-
tennz ; /, mandibles; i, maxille; k, maxillary palpi; !, palpifer; j, labial palpi; m,
paraglosss; k, ligula.—From Newport.

g*
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(These lobes will be explained farther on when speaking
of their development in the embryo.) Behind the epicra-
nium is the occiput,
or base of the head.
It belongs to the la-
bial, or second max-
illary segment, and
helps to form a com-
plete ring, articulat-
ing with the thorax.
It is perforated by a
foramen to afford a

\ connection between
the interior of the
head and thorax. It

is sometimes, as in
many Coleoptera, Or-
thoptera, and Hemip-
tera, elongated be-
Fig. 42. hind and constricted,

thus forming a ‘“‘neck.” It will be seen beyond, that the
labrum and clypeus are in the embryo developed from a
‘‘tongue-like process whose inferior part eventually becomes
the labrum, while superiorly it sends a triangular process (the
rudiment of the clypeus) into the interval between the proce-
phalic lobes.” ¢ This part (i.e. the clypeus and labrum) is the
most anterior part of the head, and in the embryo, as in the
adult, is riormally situated in front of the ocelli, but is not to
be compared with the ‘‘ anal plate,” or eleventh tergite, of the
larva, or with the telson of the scorpion, as Huxley t supposes.

F1G. 43. Side view of the front part of the head, together with the mouth-
parts of the Humble-bee (Bombus). a, clypeus covered with hairs; b, labrum;
¢, the fleshy epipharynx partially concealed by the basc of the mandibles (d);
e, lacinia, or blade of the maxillee, with their two-jointed palpi (/') at the base; j, the
labium to which is appended the ligula (g); Lelow are the labial palpi; A, the two
basal joints, being greatly enlarged ; &, the compound eyes. — Original.

* These lobes are folded back upon the top of the base of the head, and they
seem to form the ¢ergal portion of the antennary ring, to which they respectively
belong, and do not seem to us to be the sternal portion, as suggested by Huxley,
for they are apparently developed in front of the mouth-opening, and form the roof
of the mouth.

t ¢ Lastly, there are certain parts developed singly in the median line in the Artic-
wlata. Of this nature are the frontal spines of Crustaces, their telson,and the sting
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In describing Insects the vertex, or crown, of the head is the
highest part ; and the front is the part usually in front of the
insertion of the antennse.

THE MuscuLAR SySTEM lies just beneath, and is continuous
with the integument. It consists of numerous ¢ distinct isola-
ted straight fibres, which are not gathered into bundles united
by common tendons, or covered by aponeuroses [or tendinous
sheaths] to form distinct muscles, as in the Vertebrata, but
remain separate from each other, and only in some instances
are united at one extremity by tendons.” (Newpart.) These
minute fibres form layers, which Newport regards as- separate
muscles. ¢ Each fibre is composed of a great number of very
minute fibrillee, or fasciculi of fibrilla:,” and has been observed
by Wagner and Newport to be often striated as in Vertebrates.
The muscular system is simplest in the lower insects and the
larvee of the higher forms, and is more complex in the head
than elsewhere, and more complex in the thorax than in the
abdomen. These minute muscles are exceedingly numerous.
‘* Lyonnet, in his immortal work on the anatomy of the larva
of Cossus ligniperda, found two hundred and twenty-eight dis-
tinct muscles in the head alone, and, by enumerating the fibres
in the layers of the different segments, reckoned 1,647 for the
body, and 2,118 for the internal organs, thus making together
8,993 muscles in a single larva. In the larva of Sphinx ligus-
tri we have found the muscles equally numerous with those
discovered by Lyonnet in the Cossus.” (Newport.)

The muscular system corresponds to the jointed structure of
insects, as do the other internal systems of organs. Of the
muscles belonging to a single ring, some stretch from the front
edge of one segment to the front edge of the next, and others

of the Scorpion, whose mode of development appears to be precisely similar to
that of a telson. In the same category we must rank the labrum in front of the
mouth, which in the Crustacea (at least) appears to be developed from the sternum
of the antennary, or third somite, the metastoma (or so called labium, or lingua)
of Crustacea, and the lingua of Insecta, behind the oral aperture.

“ However much these appendages may occasionally simulate, or play the part
of appendages, it is important to remember, that, morphologically, they are of a
very different nature, and that the confusing them with true appendages must
tend completely to obscure the beautiful relations which obtain among the dif-
ferent classes of the Articulata.”— Huzxley, Linnman Transactions, vol. xxii,
London.
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to the hinder edge; there are also sets of dorsal and ventral
muscles going in an oblique or vertical course. The muscles
are either colorless and transparent, or yellowish white ; and
of a soft, almost gelatinous consistence. In form they are
simply flat and thin, straight, band-like, or pyramidal, barrel
or feather-shaped. They act variously as rotators, elevators,
depressors, retractors, protrusors, flexors, and extensors.

The muscular power of insects is enormous. The Flea will
leap two hundred times its own height. Certain beetles can
support enormous weights. Newport cites the case of Geo-
trupes stercorarius which is ‘‘able to sustain and escape from
beneath a pressure of from twenty to thirty ounces, a prodi-
gious weight when it is remembered that the insect itself does
not weigh even so many grains.” Some beetles have been
known to gnaw through lead-pipes, and the Stag-beetle of
Europe, Lucanus cervus, has, as stated by Mr. Stephens,
gnawed ‘‘a hole an inch in diameter through the side of an
iron canister in which it was confined.”

«“The motions of the insect in walking as in flying are
dependent, in the perfect individual, entirely upon the thoracic
segments, but in the larva chiefly upon the abdominal. Al-
though the number of legs in the former is always six, and in
the latter sometimes so many as twenty-two, progression is
simple and easy. Miller states (Elements of Physiology, p.
970, Translation) that on watching insects that move slowly
he has distinctly perceived that three legs are always moved at
one time, being advanced and put to the ground while the
other three propel the body forwards. In perfect insects, those
moved simultaneously are the fore and hind feet on one side,
and the intermediate foot on the opposite ; and afterwards the
fore and hind feet on that side, and the middle one on the
other, so that, he remarks, in two steps the whole of the legs
are in motion. A similar uniformity of motion takes place
in the larva, although the whole anterior part of the body is
elevated and carried forwards at regular distances, the steps of
the insect being almost entirely performed by the ‘false,” or
abdominal legs.”

“In flight the motions depend upon the meso- and meta-
thoracic segments conjointly, or entirely upon the former. The
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sternal, episternal, and epimeral pieces, freely articulated
together, correspond in function with the sternum, the ribs,
and the clavicles of birds.* The thorax is expanded and con-
tracted at each motion of the

wings, as in birds and other ani-

mals, and becomes fixed at each

increased effort as a fulecrum or

point of resistance upon which

the great muscles of the wings

are to act, thus identifying this

part of the body in function as

in structure with that of other ani-

mals.” (Newport.)

Tue Nervous System. In its
simplest form the nervous system
consists of two longitudinal cords,
each with a swelling (nerve-knot,
or ganglion,) corresponding to
each segment (Fig. 43). This
cord lies on the ventral side of the
body, but in the head it passes
upwards, sending a filament from
each side to surround the eesoph-
agus.t As in the Vertebrates,
the nervous cord of insects is -
composed of two distinct columns Fig. 43.
of fibres placed one upon the other. ¢ The under or external
column, which is nearest to the exterior of the body, is that in
which the ganglia, or enlargements, are situated. The upper
one, or that which is internal and nearest to the viscera, is
entirely without ganglia, and passes directly over the ganglia
of the under column without forming part of them, but in very

* Bennet on the Anatomy of the Thorax in Insects, and its Function during
Flight. Zodlogical Journal, vol. i, p. 34.

t The brain of insects is formed of several pairs of ganglia, corresponding,
probably, to the number of primitive segments comporing the head. The nervous
cord is thus, in the head, massed together and compacted to form a brain.

F16. 43. Nervous System of Corydalus cornwlus. a,‘'‘'cerebrum;” b, ‘“cere-

brellum;” ¢, thoracic ganglia, which distribute a nerve to each leg; d, eight pairs
of abdominal ganglia. The dotted lines represent the wings. — From Leidy.

8
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close approximation to them.” Newport also believes that the
ganglionless upper, or internal, column of fibres is analogous
to the motor column of Vertebrata, while the external, or under
one, corresponds to the sensitive column, thus representing the
cerebro-spinal system of the Vertebrata.

From each pair of ganglia are distributed special nerves to
the various organs. In the larva of Sphinx the normal num-
ber of double ganglia is thirteen, and the nervous cord of the
Neuroptera and other lowly organized and attenuated forms of
insects corresponds in the main to this number. In the adult
insect, especially in the Coleoptera, Diptera, Lepidoptera, and
Hymenoptera, the three thoracic ganglia are fused together,
following the fusion and general headwise development of the
segments of the tegument. Besides the central nervous cord,
corresponding to the spinal cord of the Vertebrates, there is a
vagus, or visceral nerve, representing the sympathetic nerve of
higher animals. This nerve ‘arises, in the larva, from the
anterior part of the cerebrum, and, forming a ganglion on the
upper surface of the pharynx, always passes backward beneath
the brain, along the middle line of the eesophagus.” In its
microscopic structure the nervous cord, like that of Vertebrata,
consists of a central ‘white” substance, and an outer or peri-
pheral part, the ¢ gray” substance.

In the embryo the ganglia are very large and close together,
the commissures, or connecting filaments being very short, and
small in proportion.

ORrGANs oF NuTrITION. These consist of the alimentary canal
and its appendages, or accessory glands (Fig. 44). We have
already treated of the external appendages (mouth-parts)
which prepare the food for digestion. The simplest form of
the alimentary canal is that of a straight tube. In the larva
of Stylops and the sedentary young of Bees,itends in a blind
sac, as they live on liquid food and expel no solid excretions.
When well developed, as in the adult insect, it becomes a long
convoluted thick muscular tube, subdivided into different parts
which perform different functions and have distinct names,
taken from analogous organs in the vertebrate animals. This
digestive tube is composed of three coats, the outer, or peri-
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toneal ; the middle, or muscular; and the inner, or mucous. The
mucous coat is variously modified, being plaited or folded; or,

. a 9
Fig. 4.

as in the Orthoptera and carnivorous Coleoptera, it is solidified
and covered with rows of strong horny teeth, forming a sort of
gizzard. The alimentary canal is held in place by retractor
muscles, but principally by exceedingly numerous branches of
the main trachese.

This canal (Fig. 45) is subdivided into the mouth and pha-
rynz, the esophagus, supplementary to which is the crop, or
¢ sucking stomach” of Diptera, Lepidoptera, and Hymenoptera ;
the proventriculus, or gizzard ; the ventriculus, or true stomach,
and the intestine, which consists of the ileum, or short intes-

F1G. 4. Anatomy of Sphinz ligustri. m, i, q, the nervous cord resting on
the floor of the body; at ¢, the ganglia form a brain-like organ, much larger than
the ganglia of the thorax (m) and abdomen (g). From the brain is sent off the
subceesophageal nerve which surrounds the gullet into which the food is conveyed
by the maxills, or spiral tongue (a), which, when at rest, is rolled up between the
labial palpi (b).

From the nervous cord is also thrown off a pair of nerves to each pair of legs
(as at n, o, p) and a branch, d, is sent off from above, distributing nerves to the
mauscles of flight. .

The heart, or dorsal vossel (e, 1), lies just beneath the median line of the body,
and is retained in place by muscular bands (as at /) as well as by small tracheal
branches.

The alimentary canal (A, §, g), forms a straight tube in the head and thorax; h,
the crop, or sucking stomach, which opens into the esophagus; j, the true, chyle-
forming stomach, which contracts posteriorly, and then dilates near its anal outlet
into a cloaca (indicated at g, but not distinctly, as it is concealed by the numerous
urinary vessels). The urinary vessels also indicated at g, form long tubes (which
correspond to the kidneys of Vertebrates), opening into the pyloric end of the
stomach. The position of the testes (k)is the same as that of the ovary, and the
dotted line I shows the course of the efferent duct (vas deferens) and also of the
oviduct of the female.

The figure represents a longitudinal section of the insect, the legs and ends of
the antennss having been removed.— From Newport.
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tine, and the colon and rectum. The latter part, as well as the
crop and proventriculus, are sometimes absent.

) Of the appendages of the canal, the first
are the salivary glands, which are usually
long simple tubes, which in the larva, ac-
cording to Newport, form the silk vessels.
They ‘‘empty themselves by a single duct
through the spinneret on the floor (labium)
of the mouth.” In the Ant-lion (Myrmeleon)
the silk is spun from ¢ a slender telescopic-
like spinneret, placed at the extremity of
its body,”. and Westwood also states that the
larva of Chrysopa spins a cocoon *from the
spinneret, at the extremity of the body.”

These silk glands when taken out of the
larva, just as it is about ready to transform,
are readily prepared as ¢ gut” for fish-lines,
etc., by drying on a board.

In the Bees thesc glands are largely de-
veloped to produce a sufficient amount of
salivary fluid to moisten the dry pollen of

“Fig. 8. flowers, before it enters the csophagus.
¢ Bee-bread” consists of pollen thus moistened and kneaded
by the insect. The Honey-bee also dissolves, by the aid of the
salivary fluid, the wax used in making its cells. Newport
believes this fluid is alkaline, and forms a solvent for the other-
wise brittle wax, as he has seen this insect ‘reduce the per-
fectly transparent thin white scales of newly secreted wax to
a pasty or soapy consistence, by kneading it between its man-
dibles, and mixing it with a fluid from its mouth, before apply-
ing it to assist in the formation of part of a new cell.”

Insects have no true liver; its functions being performed
*‘by the walls of the stomach, the internal tunic of which is
composed of closely-aggregated hepatic cells.” (Siebold.) In
the Spiders and Scorpions, however, there is a liver distinct
from the digestive canal. In the Spiders it is very large,
enveloping most of the other viscera.

FIG. 43. Alimentary tube of Corydalus cornutus. a, cesophagus; b, proven-
triculus; ¢, ventriculus; d, large intestine; e, urinary tubes; 7, coecum; g, testis or
ovary.— From Leidy.




THE CIRCULATORY SYSTEM. 87

Siebold states that in some insects the ileum has glandular
appendages whose product is perhaps analogous to the pancre-
atic fluid. In the larva of insects is found the corpus adiposum,
or fat-body, in the form of large lobes of fat-cells which spread
through the intervals of the viscera in the general cavity of
the body. It is interpenetrated and retained in place by
numerous tracheze.

Tue CircurLaTorY SysTeM. The vascular, or circulatory,
system is not a closed sac as in the Worms and Vertebrates.
The organs of circulation consist of a contractile, articulated
dorsal vessel, or so-called ‘heart,” which terminates in .a
cephalic aorta. The dorsal vessel receives the venous current
through the lateral valvular openings and pumps the blood into
its prolongation or cephalic aorta, whence it escapes, traversing
the body in all directions, in regular currents, which do not
have, however, vascular walls. ¢ In this way, it penetrates the
antenne, the extremities, the wings, and the other appendages
of the body, by arterial currents, and is returned by those of a
venous nature. All the venous currents empty into two
lateral ones, running towards the posterior extremity of the
body, and which enter, through lateral orifices, the dorsal
vessel.” (Siebold.)

‘“The blood of the Imsecta is usually a colorless liquid,
though sometimes yellowish, but rarely red. In this liquid are
suspended a few very small, oval, or spheroidal corpuscles,
which are always colorless, have a granular aspect, and are
sometimes nucleated.

“The dorsal vessel, which is constricted at regular intervals,
is always situated on the median line of the abdomen, being
attached to the dorsal wall of its segments by several trian-
gular muscles whose apices point outwards. Its walls contain
both longitudinal and transverse fibres, and, externally, are
covered by a thin peritoneal tunic. Internally, it is lined by
another very fine membrane, which, at the points of these con-
strictions, forms valvular folds, 'so that the organ is divided
into a8 many chambers as there are constrictions. Each of
these chambers has, at the anterior extremity on each side, a
valvular orifice which can be inwardly closed. The returning
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blood is accumulated about the heart and enters into it during
the diastole of each of its chambers, through the lateral
orifices (Fig. 467). It then passes, by the regularly successive

1h

Fig. 47.
" Fig. 46

contractions of the heart, from behind forwards into the aorta,
which is only a prolongation of the anterior chamber. This
aorta consists of a simple, small vessel, situated on the dorsal
surface of the thorax (Fig. 44 e), and extending even to the
cephalic ganglion, where it either ends in an open extremity, or
divides into several short branches which terminate in a like
manner. The length of the dorsal vessel depends, in all the
three states of insects, upon that of the abdomen. The number
of its chambers is very variable, but is, most usually, eight.

*The blood, after leaving the aorta, traverses the body in
currents which are also extravascular, and in this way bathes
all the organs. The newly-prepared nutritive fluid passes
through the walls of the digestive canal in which it is found,
into the visceral cavity, and thence directly into the blood.
Latterly, this extravascular circulation has been called in
question, but its presence may be easily and directly observed

F1G. 46. Part of the dorsal vessel or heart of Luoanus cervus : a, the posterior
chambers (the anterior chambers are covered by a part of the ligaments which hold
the heart in place). f, the auriculo-ventricular openings; g, g, the lateral mus-
cles fixed by the prolongations A, h, to the upper side of the abdomen.— From
Straus Durckheim.

FIG. 47. Interior of the dorsal vessel; a, the inner walls with their circular
fleshy fibres; c, the auriculo-ventricular opening; with its semilunar valve (c), in
front of which is d, the interventricular valyule.— From Straus Durckheim.



THE CIRCULATORY BSYSTEM. 39

with very many perfect Insecta and their larvee. The vascular
walls, supposed to have been seen at certain points, are, un-
doubtedly, the result of some error of observation or interpre-
tation. This is also true of the pulsatile organs supposed to
have been observed in the legs of many water-bugs, and which
were thought to affect the circulation.”

Blanchard and Agassiz believe in a ‘‘peritracheal circula-
tion,” and other observers agree that the course of the circula-
tion is along the traches, i.e. that the blood circulates in the
space between the loose peritoneal envelope and the trachea
itself. Professor H. J. Clark objects to this view that the blood
disks are too large to pass through such an exceedingly minute
space as the distance between the trachea and its enveloping,
or peritoneal, wall.

Newport thinks that there are actual blood vessels distrib-
uted from the bheart and ‘‘passing transversely across the
dorsal surface of each segment in the pupa of Sphinz. If
they be not vessels distributed from the heart, it is a some-
what curious circumstance that the whole of the blood should
be first sent to the head of the insect, and the viscera of the
abdominal region be nourished only by the returning blood,
which has in part passed the round of the circulation.”

Newport also describes in Sphinz the supra-spinal, or great
ventral vessel which lies in the abdomen just over the nervous
cord, and which is also found in the Scorpion and Centipede.
He believes ‘‘this vessel to be the chief means of returning
the blood from the middle and inferior portion of the body to
the posterior extremity of the dorsal vessel or heart.” He
strongly suspects that anteriorly this great ventral vessel is
connected with the aorta. The circulation of Insects, there-
fore, is probably as much a closed one as in the Myriapods, for
he states that the *‘blood certainly flows in distinct vessels, at
least in some parts of the body in perfect insects, and that
vessels exist even in the larva.” Observations on the vascular
system are exceedingly difficult from the delicate structure of
the vessels, and the subject needs renewed observations to
settle these disputed points.

The blood is forced through the vessel into the body by regu-
lar pulsations. Herold counted thirty to forty in a minute in a
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full-grown caterpillar; we have counted about sixty a minute
in the recently hatched larva of Diplax. During excitement,
the number of pulsations increases in rapidity. Newport found
the pulsations in a bee, Anthophora, when quiet, to be eighty a
minute ; but when “the insects were quite lively, and had been
exposed to the sun for an hour or two, the number of pulsa-
tions amounted to one hundred and forty.”

He found that the number of pulsations decreased after cach
moult of the larva of Sphinz ligustri, but increased in force;
when it was full grown and had ceased feeding it was thirty.
‘¢ After it had passed into the pupa state the number fell to
twenty-two, and afterwards to ten or twelve, and, during the
period of hibernation, it almost entirely ceases ; but in the per-
fect insect it rose from forty-one to fifty, and when excited by
flight around the room it was from one hundred and ten to one
hundred and thirty-nine.”

ORrGANs oF RespiraTION. All insects breathe air, or, when
they live in the water, respire, by means of branchis, the
air mixed mechanically with water. Respiration is carried on
by an intricate system of tubes (pul-
monary trachese) which open by pores
(spiracles or stigmata) in the sides of
the body; or, as in aquatic insects, by
branchiee, or gill-like flattened expan-
sions of the body-wall penetrated by
trachese (branchial traches).

There are sometimes eleven spiracles,
or breathing-holes (Fig. 48), on each side
of the body ; each consisting of an oval
horny ring situated in the peritreme

Fig. 48. and closed by a valve, which guards
the orifice (Fig. 49). Within this valve is a chamber closed
within by another valve which covers the entrance into the
tracheze. The air-tube itself (Fig. 50) consists of ‘‘an external

F1G. 48. Larva of the Humble-bee just beginning to change to a pupa, showing
eleven pairs of stigmata. In the adult bee, only the fourth pair is apparent, the
remaining pairs being concealed from view, or in part aborted. In most insects
there are usually only nine pairs of stigmata.— Original.
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serous, and an internal mucous membrane, inclosing between
them a spirally convoluted fibre, thus giving great strength
and flexibility to the tube.”

Nearly all the air enters through the thoracic and first
abdominal spiracles, so that on pinching most insects on
the thorax they can be
v easily deprived of

breath and killed.

w7 “In some aquatic
"" V ® larvee such as those
of Dyticidee, Eristalis«
Fig. 49. (Fig. 51, pupa), and
Ephydra, and also in some perfect insects,
as in Nepa and Ranatra, the parts sup-
porting the stigmata are prolonged into slen- Fig. 50.
der tubes, through which the insect, on rising to the surface,
breathes the atmospheric air.

Agrion (Fig. 52) affords a good instance of branchise
or gill-like expansions of the crust, or skin. It is
supposed that these false gills, or branchie, ‘absorb
the air from the water, and convey it by the minute
ramifications of the tracheal ves-
sels, with which they are abun-
dantly supplied, and which ter- |

Fig. bl. minate in single trunks, into the |:
main trachez, to be distributed over the whole body,
as in insects which live in the open atmosphere.”
(Newport.)

Of branchis there are three kinds. The first, as in \
the larvee and pupz of Gnats, consist of slender fila-
ments arranged in tufts arising from a single stem. Fig.o2.
In the larva of Gyrinus and the aquatic caterpillar of a moth,

LN

F1G. 49. Chamber leading into the trachea; a, a, external valve protecting the
outer opening of the stigma, or breathing hole; b, ¢, ¢, inner and more complicated
valve closing the entrance into the trachea (I, k); m, conical occlusor muscle
closing the inner orifice. — From Straus Durckheim.

FiG. 50. Portion of a trachea divested of its peritoneal envelope. a, spirally
convoluted fibre, closely wound around the trachea, as at ¢; ¢, origin of a secondary
tracheal branch. — From Straus Durckheim.

FI1G. 52. One of the three gill-like appendages to the abdomen of the larva and
pupa of Agrion cnlarged, consisting of a broad leaf-like expansion, permeated by
tachex which take up by endosmosis the air contained in water.— Original.

4
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Hydrocampa stratiolata, they form short stiff bristles placed
along the side of the body. Agrion and Ephemera, in their
larval stages, afford the second kind of branchise, and Libellwla
the third kind, or internal gill, situated in the colon. The
Mosquito breathes both by branchiee which form large club-
shaped organs, and by lateral filaments.

In those insects that fly, most of the traches are often dilated
into «ir-vesicles, so that by filling and emptying them of air the
insect can change its specific gravity. ‘That their use is also
to lighten the body is shown by their presence in the heavy
mandibles and head of the male of Lucanus cervus. In the
adult Humble-bee there are two very large vesicles at the base
of the abdomen. These vesicles are not found in the larvee,
or in the adult forms of creeping insects.

The act of respiration consists in the alternate dilation and
contraction of the abdominal segments, the air entering the
body chiefly at the thoracic spiracles. As in the Vertebrates the
frequency of the acts of breathing increases after exertion.
““When an insect is preparing itself for flight, the act of res-
piration resembles that of birds under similar circumstances.
At the moment of elevating its elytra and expanding its wings,
which are, indeed, acts of respiration, the anterior pairs of
spiracles are opened, and the air rushing into them is extended
over the whole body, which, by the expansion of the air-bags, i3
enlarged in bulk, and rendered of less specific gravity ; so that
when the spiracles are closed at the instant the insect endeavors
to make the first stroke with and raise itself upon its wings, it
is enabled to rise in the air, and sustain a long and powerful
flight with but little muscular exertion. In the pupa and larva
state respiration is performed more equally by all the spiracles,
and less especially by the thoracic ones.”

During hibernation the act of breathing, like the circulation
of the blood, almost entirely ceases, and the heat of the body
is greatly lowered. Indeed Newport has shown that the devel-
opment of heat in Insects, just as in Vertebrates, depends on the
‘‘quantity and activity of respiration, and the volume and
velocity of the circulation.” The IHumble-bee, according to
Newport, possesses the voluntary power of generating heat by
breathing faster. Hec says, confirning Huber’s observations,
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¢ the manner in which the bee performs her incubatory office is
by: placing herself upon the cell of a nymph (pupa) that is
soon to be developed, and then beginning to respire at first
very gradually. In a short time the respirations become more
and more frequent, until at length they are increased to one
hundred and twenty, or one hundred and thirty per minute.
The body of the insect soon becomes of a high temperature,
and, on close inspection, is often found to be bathed with per-
spiration. When this is the case the temperature of the insect
soon becomes reduced, and the insect leaves the cell, and an-
other bee almost immediately takes her place. When respira-
tion is performed less violently, and consequently less heat is
evolved, the same bee will often continue on a cell for many
hours in succession. This extreme amount of heat was evolved
entirely by an act of the will in accelerating the respiratory ef-
forts, a strong indication of the relation which subsists between
the function of respiration and the development of animal heat.”

OrGaNs oF SeECRETION. The urinary vessels, or what is
equivalent to the kidneys of the higher animals, consist in In-
sects of several long tubes which empty by one or two common
secretory ducts into the posterior or ¢ pyloric” extremity of
the stomach. There are also odoriferous glands, analogous to
the cutaneous glands of vertebrates. The liquid poured out is
usually offensive, and it is used as a means of defence. The
Bees, Wasps, Gall-flies, etc., and Scorpions, have a poison-sac
(Fig. 54g) developed in the tip of the abdomen. The bite of
the Mosquito, the Horse-fly, and Bed-bug is thought by New-
port to be due to the simple act of thrusting their lancet-like
jaws through the skin, and it is not known that these and
other insects which bite severely eject any poison into the
wound. But in the spiders a minute drop of poison exudes from
an orifice at the end of the mandibles, ¢ which spreads over the
whole wound at the instant it is inflicted.” This poison is
secreted by a gland lodged in the cephalo-thorax, and which
is thought by Audouin to correspond in position to the salivary
apparatus and the silk glands of the Winged Inseccts.

OrGaNs oF GENERATION. We have already described the
external parts. The internal parts of the male insect consist,
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of a duct, the ductus ejaculatorius, which opens into the external
intromittent organ. This duct extends backwards, connecting
with the wvesicule seminales, which lead by
the vasa deferentia to the testes (Fig. 53).
The latter are usuaily rounded glandular
bodies, sometimes, as in Melolontha and
Lucanus, numbering six on a side. These
organs lie in the abdominal cavity, usually
above and on each side of the alimentary
canal.

The sperm, or fertilizing fluid, contains
very active
spermatic par-
ticles which
are developed
in large cells
in the testes, |
where they are \
united into bundles of various
forms.

In the female, the internal re-
productive organs (Fig. 54) are
more simple than those of the
other sex. The external open-
ing of the female is situated at
the end of the oviduct, that
leads by two tubes to the ovary,
which consists of two or more Fig. 54.
tubes (in the Queen Bee one hundred and sixty to one hundred
and eighty) in which the ova are developed. On the upper side

F1G. 53. Male organs of Athalia cent{folie. A, the penis, or external portion,
in which the ductus ¢jaculatorius (/) terminates, which extends backwards, and is
connected with the vesicule seminales (¢), and vasa deferentia (d) which are con-
nected with the epididymis (b), and the testes (a). § and !, two pairs of horny plates,
surrounded by a horny ring (k). f, horny prehensile hooks attached to k. m, two
elongated muscular parts inclosing the penis (). — From Newport.

FI1G. 5{. Female organs of generation of Athalia centifolice. a, b, c, the eighteen
ovarial tubes originating from each of the two oviducts (¢), and containing the im-
mature eggs; f, the spermatheca; g, poison-sac, the poison being secreted in the
secretory vessels k. The poison flows through the oviduct into the sting and thence
into the wound made by the sting. 10, the terminal ganglia of the nervous cord.
= From Newport.
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of the oviduct are from one to five appendages, the most impor-
tant of which is the spermatheca (the others being sebaceous
glands), which receives the fertilizing fluid of the male during
sexual union, and in which, according to Darwin, the male ele-
ment ‘‘is enabled to keep alive four or five years.”

Insects bisexval. With the exception of the Tardigrades,
which are doubtfully referred to the Mites (Acarina), there are
no hermaphrodites among Insects, that is, there are no individ-
uals having both male and female organs, and capable of self-
impregnation. On the contrary, the sexes are distinct ; Insects
are bisexual.

Hermaphrodites, so-called. Cases not unfrequently occur in
which from arrest of development of the embryo, the sexual
organs are imperfectly developed, so as to present the appear-
ance of being both male and female. ‘¢ Siebold has investigated
some hermaphrodite Honey-bees belonging to the Italian race,
obtained from a Dzierzon hive at Constance. He found in
many of them a combination of sexual characters, not only in the
external parts, but also in the generative organs. The mixture
of the external characters is manifested sometimes only in the
anterior or posterior part of the body, sometimes in all parts
of the body, or only in a few organs. Some specimens pre-
sent male and worker characters on the two sides of the body.
The development of the internal organs is singularly correla-
ted with these peculiarities of external organization. The sting,
with its vesicle and gland, is well developed in hermaphrodites
with the abdomen of the worker ; soft in those with the drone-
abdomen. The seminal receptacle, when present, is empty.
The ovaries contain no ova. In the hermaphrodites with the
drone-abdomen, the male sexual organs are well developed, and
the testes contain spermatozoids. Frequently with testicular
and ovarian organs present on each side, the epididymis and
copulatory apparatus are well developed, and an imperfect
poison-apparatus exists. In these cases the tube contains
spermatozoids, but there are no ova in the ovaries. The her-
maphrodites are thrown out of the cell by the workers as soon
as they emerge, and speedily perish. Siebold ascribes the pro-
duction of these hermaphrodites to an imperfect fecundation
of the ovum.” (Zeitschrift fur Wissenschaftliche Zoologie,
1864, p. 73. See Ginther’s Zoological Review for 1864.)
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Eggs are usually small in proportion to the size of the
parent ; but in many minute forms (i.e. Pulex, Pediculus, etc.)
they are proportionately much larger. In shape eggs are
either spherical or oblong. In some there are radiating append-
ages at one end, as in those of Nepa and Ranratra ; or they are
provided with a single stalk, as in Chrysopa, Cyrips, and
Ophion.

The eggs of most Hymenoptera, Diptera, and many Coleop-
tera are usually cylindrical ; those of Lepidoptera are more
generally spherical. The eggs of the Mosquito are laid in a
boat-shaped mass, which floats on the surface of quiet pools,
while those of the Chrysopa, or Lace-winged Fly (Fig. 55), are
supported on long pedicels.
They are almost invariably
laid near or upon objects des-
timed to be the food of the
future larva. Thus the Copris, or ¢ Tumble-bug,” places its
egg in a ball of dung which it rolls away to a secure place;
the Flesh-fly oviposits on meat; and all vegetable-feeders lay
their eggs on the food-plant where the larva, upon its exit
from the egg, shall readily find an ample supply of food.

The posterior end of the egg is more often the fixed one, and
it may thus be distinguished from the anterior pole. In the
eggs of some Diptera and Orthoptera, the ventral side of the
embryo, according to Gerstaecker, corresponds to the convex
side of the egg, and the concave side of the latter corresponds
to the dorsal region of the embryo.

The surface of the chorion, or egg-shell, which is dense and
brittle, is often covered by a mosaic-work of more or less regu-
lar facets. In many small eggs the surface is only minutely
granulated, or ornamented with ribs and furrows, as in those
of many Butterflies.

The Micropyle. On the anterior end (though sometimes
at both ends) of the egg is one or more pores of exceeding
minuteness, through which the spermatozoa (more than one
of which, according to Darwin, is requisite to fertilize an
ovule) enter to fertilize the egg-contents. In some cases
these micropyles are scattered over the whole surface of the egg.
Fig. 56 a represents the micropyles of Nepa cinerea, consisting
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of a whorl of long bristles. Those of Locusta viridissima (Fig.
56b) slightly resemble toadstools. Fig. 56c¢ represents the an-
terior pole of the egg with
the micropyles of Pyrriocoris
apterus.—( From Gerstaecker.)
This contact of a male
sperm-cell with the yolk is
the fertilization of the cgg.
From this moment begins the
life of the embryo. Fertiliza-
tion of the female germ by
Fig. 36. means of the male sperm,
through the congress of the sexes, is the rule with bisexual
animals, but there are exceptions among insccts. An embryo
may start into being without the interposition of the male; to
this mode of generation has been applied by Leuckart the term
Parthenogenesis. Among certain species of insccts there are
some individuals which, by a sort of budding process, and with-
out the aid of the male element, throw off summer broods, con-
sisting of ‘‘asexual” individuals, which, as winter approaches,
are succeeded by a brood of true males and females, the latter
of which lay eggs. This phenomenon, called by Steenstrup
‘‘alternation of generations,” has been observed among a com-
paratively few species, and the apparent design of such an
anomalous mode of reproduction is to afford an immense num-
ber of individuals, thus providing for the continuance of the
species. The individuals in whom this budding process takes
place are called ‘“ asexual” because, though they may resemble
the female sex outwardly, their sexual organs are only partially
developed. This budding process is the same in kind with that
observable in the Jelly-fish, which throw off by parthenogen-
esis, or alternations of generations, summer broods of immense
extent, but in winter propagate by true cégs. Huxley has
studied the development of Aphis by parthenogenesis, the
anomalous nature of which had previously been discovered by
Bonnet, Trembly, Lyonet, Degeer, Kyber, and others, and
arrives at the following conclusions :
«1. Ovadeposited by impregnated female Aphides in autumn
are hatched in the spring.
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2. From these ova viviparous, and, in the great majority of
cases, apterous forms proceed.

8. The broods to which these give rise are either winged or
apterous, or both.

4. The number of successive broods has no certain limit, but
is, so far as we know at present, controlled only by tempera-
ture and the supply of food.

5. On the setting in of cold weather, or in some cases on the
failure of nourishment, the weather being still warm, males
and oviparous females are produced.

6. The males may be either winged or apterous.

7. So far as I am aware, there is no proof of the existence
of any exception to the law that the oviparous female is apte-
rous.

8. Viviparous Aphides may hybernate, and may co-exist with
oviparous females of the same species.” (Linnean Transac-
tions, xxii, p. 198.)

The origin of the viviparous, asexual, or agamic (from the
Greek a, without; game, marriage) individual, as it may be
more properly called, is, up to a certain stage, the same as
that of the true egg, i.e. until the germ (pseudovum) of
the former is detached from the false ovary (pseudovarium).
¢ From this point onwards, however, the fate of the pseudovum
is different from that of the ovum. The former begins at once
to be converted into the germ ; the latter accumulates yelk-sub-
stance, and changes but little. Both bodies acquire their mem-
branous investment rather late; within it the pseudovum
becomes a living larva, while the ovum is impregnated, laid,
and remains in a state of rest for a longer or shorter period.

¢¢ Although, then, the pseudovum and the ovum of Aphis
are exceedingly similar in structure for some time after they
have passed out of the condition of indifferent tissue, it cannot
be said that the sole difference between them is, that the one
requires fecundation and the other not. When the ovum is of
the size of a pseudovum which is about to develop into‘an em-
bryo, and, therefore, long before fecundation, it manifests its
inherent physiological distinctness by becoming, not an em-
bryo, but an ovum. Up to this period the influence of fecunda-

tion has not been felt ; and the production of ova, instead of
4
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pseudova, must depend upon a something impressed upon the
constitution of the parent before it was brought forth by its
viviparous progenetrix.” (Huxley.)

Siebold has also shown that the ‘‘ova of the Queen-bee pro-
duces females or males, according as they are fecundated or
not. The fecundated ovum produces a queen or a neuter
according to the food of the larva and the other conditions to
which it is subjected; the unfecundated ovum produces’ a
drone.” This is analogous te the agamic reproduction of
Aphis, and ¢ demonstrates still more clearly the impossi-
bility of drawing any absolute line of demarcation histologi-
cally between ova and buds.”

This process of reproduction is not known in the Myriapods.
It occurs among the mites (Acarina), and occurs in isolated
genera of Hemiptera (Aphis, Chermes, Lecanium, and Aspidi-
otus according to Gerstaecker).

Among Lepidoptera the Silk-moth sometimes lays fertile
eggs without previous.sexual union. This very rarely hap-
pens, for M. Jourdain found that, out of about 58,000 eggs
laid by unimpregnated silk-moths, many passed through their
early embryonic stages, showing that they were capable of
self-development, but only twenty-nine out of the whole
number produced caterpillars. (Darwin.) Several other moths®
have .been found to lay fertile eggs without previous sexual
union, and among Hymenoptera, Nematus ventricosus, Cynips,
Neuroterus, perhaps - Apophyllus (according to Gerstaecker),
and Cynips spongifica (according to Walsh, Proceedings of

*We give a list from Gerstaecker (Bronn’s Classen und Ordnungen des Thier
reichs) of all the known cases of agamic reproduction in this suberder, with the

number of times the phenomenon has Leen observed, and the names of the ob-
servers.

Sphinz ligustri, once (Treviranus Gadropacha quercus, once (Plienin,
fmrmum populi, four domos )(Nord- Liparia dag.r once (c.m :(-> gen).
n). “ ger moth 7 (1 Liparis dispar), (Tardy,
Smﬁmhuég? oedlatnﬂ e onc(e B(Jolmsu:cn)) est ‘;ch Popof).
ve times (Brown, e Liparis ropoda.once opof
onee 8towel Oroyiapud(bunda, once (Werneb
Telea Polyphemus, twiet(a (Curtis)) nh;:}rorm{a once (Rosai). urg)-
Gast pini, three times (8copoli, d)
etc). once ¢ o). Sole??bta hmlla(Si(eslzga)ld)
W once (Burmeis- Bonbyzmri,uv times.

The subject has been also discussed by Siebold in his work entitled, A true Par-
thenogenesis in Lepidoptera and Bees; by Owen, in his ‘ Parthenogenesis,” and
by 8ir J. Lubbock in the Philosophical Transactions, London, vol. 147, pt. L.
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the Entomological Society of Philadelphia). Parthenogenesis,
or agamic reproduction, is, then, the result of a budding pro-
cess, or cell-growth. This process is a common mode among
the Radiates, the low Worms, and the Crustaceans. Metamor-
ph;)sis is simply a series of marked stages, or periods, of
growth; and hence growth, metamorphosis, and agamic re-
production are morphologically identical. All animals, there-
fore, as well as plants, grow by the multiplication of cells.

After hearing the surprising revelations of Bonnet, Réaumur,
Owen, Burnett, and Huxley on the asexual mode of generation
in the Aphis, we are called to notice still a new phase of repro-
duction. None of the observers just mentioned were accus-
tomed to consider the virgin aphis as immature, but rather as
a wingless adult Plant-louse. But Nicolas Wagner, Professor
of Zoodlogy at Kasan,* supported by able vouchers for the
truth of his assertions, both in Russia and in Germany, who
have repeated and thoroughly tested his observations, has
observed an asexual reproduction in the larva of a Cecidomy-
ian fly, Miastor metraloas (Fig. 297), and Meinert has observed
it in this species and the Oligarces paradozus Meinert.

Says Dr. R. Leuckart, whose article} we have drawn largely
upon in the present account, ‘‘This reproduction was said to
commence in autumn, to continue through the winter and
spring, giving origin, during the whole of this period, to a
series of successive generations of larvee, until, finally, in June,
the last of them were developed into perfect and sexually
mature animals. The flies, then, as usual, after copulation,
lay eggs, and thus recommence the developmental cycle just
described.”

Professor Leuckart has observed these facts anew in the
larvee of a species of dipterous gall-fly, and which he believes
distinct from the Russian species, found under the bark of a
half dead apple-tree that was attacked by fungi. The young
are developed within the body of the larva-like parent from a

*K. E. Von Baer, ‘“Report on a New Asexual Mode of Reproduction observed
by Professor Wagner in Kasan.” Bull. Acad. St. Petersburg, 1863, pt. vi, p. 230.
Also, Wagner in the Journal of the University of Kasan, 1861.

tOn the Asexual Reproduction of Cecidomyia Larva. Annals and Magazine
of Natural History, March,1866. Translated from Zeitschrint filr Wissenschaftliche
Zoologie, Bd. xiv.
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“germ-ball” essentially agreeing with the ovary, and the asex-
ual larvee begin life as egg-like bodies developed from this
germ-ball, just as eggs are developed in the little tubes of
which the ovary is an aggregation. Hence these worms bud
out from the germ-stock, just as we have seen in the case of
the Aphides. Leuckart and Wagner farther agree, that ¢ the
so-called chorion never being formed in either of them, the
vitellus [yelk] remains without that envelope which has so re-
markable and peculiar & development in the true egg of in-
sects.” . . . . “The processes of embryo-formation agree in
all essential points with the ordinary phenomena of devel-
opment in a fecundated egg, exactly as has been proved (by
Huxley) to be the case in the dphides.” . ... “The only
difference consists in the germ-chambers of the Cecidomyide
larvee separating from the germ-stock, and moving about freely
in the cavity of the body, whilst in the Aphides they remain
permanently attached, and constitute an apparatus which, in
its form and arrangement, reproduces the conditions of the
female organs.”

Another case of psdogenesis, which unites that of Miastor
with the parthenogeuesis of the Coccidw, has been discovered
by Grimm who found, in the spring of 1869, the pupa of a
species of Chironomus laying eggs. But in the autumn other
pupee become flies without laying eggs, while the fly itself de-
posits a larger number of eggs than the epring pupa. Grimm
also found that on removing from the perfectly'developed in-
sect, before it has left the pupa-case, the eggs which would
otherwise have been fertilized, and preserving them in water,
the development of the larva took place in them also, but
lasted = little longer (about six days). Previous to the forma-
tion of the primitive band, the germ develops as in the Coc-
cidee ; afterwards it resembles that of other Diptera (Simu-
lium and Chironomide).

Dimorphism is intimately connected with agamic reproduc-
tion. Thus the asexual Aphis, and the perfect female, may be
called dimorphic forms. Or the perfect female may assume
two forms, so much 8o as to be mistaken for two distinct spe-
cies. Thus Cynips quercus-spongifica occurs in male and female
broods in the spring, while the fall brood of females were
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described as a separate species, C. aciculata. Mr. B. D. Walsh
considers the two sets of females as dimorphic forms, and he
thinks that C. aciculata lays eggs which produce C. quercus-
spongifica.

Huber supposes there are two sizes of the three forms (<. e.
male, female, and worker) of Bombus, one set being a little
larger than the other.

Alfred Wallace has discovered that there are two forms of
females of Papilio Memnon of the East Indies; one is normal,
having its wings tailed and resembles a closely allied species,
Papilio Coon, which is not dimorphous, while the other is tail-
less, resembling its tailless male. Papilio Pammon has three
sorts of females, and is hence ¢ trimorphic.” One of its forms
predominates in Sumatra, and a second in Java, while a third,
(described as P. Romulus) abounds in India and Ceylon. P.
Ormenus is trimorphic, as Mr. Wallace obtained in the island
of Waignion, ‘‘a third female quite distinct from either of the
others, and in some degree intermediate between the ordinary :
male and female.” Much the same thing occurs in the North
American P. Turnus. Papilio Glaucus is now known to be a
dimorphic form of the former butterfly, both having, according
to Mr. Uhler, been bred from the same batch of eggs. Mr
W. H. Edwards has found that Papilio Ajaxis polymorphous,
the same batch of eggs giving rise to P.-Ajax, and varieties
Walshii, Telamonides, and Marcellus. The male sex also pre-
sents dimorphic forms. Mr. Pascoe states that there are di-
morphic forms of Anthribide; that they occur in the males
of Stenocerus and Micoceros. Six species of Dytiscus have two
female forms, the most common having the elytra deeply sul-
cate, while in the rarer forms the elytra are smooth as in the
male.

There is a tendency, we would observe, in the more abnor-
mal of the two sexual forms, to revert to a lower type. Thus
the agamic Aphis is more generally wingless, and the tailless
female butterfly mimics the members of a lower genus, Pieris.
The final cause of Dimorphism, like that of agamic reproduc-
tion, is the continuance of the species, and is, so far as yet
known, an exceptional occurrence.

Mimetic forms. Many insects often resemble, in a remark-
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able manner, those of other groups. They are called mimetic
forms. Insects are related to each other by analogy and affin-
ity. Thus the truly tailless species of Papilio, i.e. those where
the tail is absent in both sexes, are related by affinity to Pie-
ris, which has rounded hind wings. They also stand next to
Pieris in the system of Nature. But there are, on the other
hand, mimetic forms, which borrow the features of groups far
above them in the natural system. Thus the Sesia resembles a
Bee, Bombylius and Laphria resemble Bombus; the Syrphus
flies are easily mistaken for Wasps. So in the second series
of suborders of Insects, Forficula resembles the Staphylinus;
Termes resembles the true Ant; Psocus, the Aphis; Ascalaphus
resembles Papilio ; Mantispa recalls the Orthopterous Mantis, and
Panorpa reminds us of the Tipule (Bittacus being strikingly
analogous to the Dipterous Bittacomorpha). Thus these lower,
more variable groups of insects strive, as it were, to connect
themselves by certain analogous, mimetic forms, with the more
" stable and higher groups.

Comprehensive types are mimetic forms which combine the
characters of other and generally higher groups. Thus each
Neuropterous family contains mimetic forms which ally them
strongly with some one of the six other suborders of insects.
The early fossil insects are remarkable for combining the char-
acters of groups which appear ages after. The most remark-
able comprehensive type is a Carboniferous insect, the Eugereon
Boeckingi mentioned farther on.

Hryeripity. Hybrids are sometimes produced between differ-
ent species, but though it is known that different genera unite
sexually, we know of very few authentic instances of the pro-
duction of hybrids therefrom. One is related by Mr. Midford,
who exhibited at the March 4th (1861) meeting of the London
Entomological Society, hybrids produced from a male Phiga-
lia pilosaria, and a female Nyssia hispidaria. ¢ The males
resemble N. hispidaria, but in color have the lighter and
greener tint and transparency of wing of P. pilosaria.”

THE DeEvELOPMENT OF INsECcTs. Immediately after the fer-
tilization of the egg, the first act in the organization of the
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fature embryo is the formation of the germinal layer, or blas-
toderm (from the Greek, meaning primitive skin). * This layer
is formed at the surface out of a surface-layer of larger, often
nucleolated, cells which nearly encompass the yolk-mass. At
one point there is a break in this cellular layer, and the yolk
granules reach to the surface, so that it appears darker than
the other parts of the egg. This cellular layer is soon Yesolved
into the blastoderm, or germinal layer, which thickens and
narrows, forming a longitudinal band. This is the first stage
of the embryo, which lies as a thin layer of cells upon the outer
surface of the yolk. Both ends of the body are alike, and we
shall afterwards see that its back lies next to the centre of the
egg, its future ventral side looking outwards. The embryo is
thus bent on itself backwards.

In the next stage the blastoderm divides into a certain num-
ber of segments, or joints, which appear as indentations in the
body of the embryo. The head can now be distinguished from
the posterior end chiefly by its larger size, and both it and the
tail are folded back upon the body of the embryo, the head
especially being sunk backwards down into the yolk-mass.

In a succeeding stage, as we have observed in the embryo of
Diplaz, a Dragon-fly (Fig. 57), the head is partially sketched

N & o > OO
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Fig. 5.
out, with the rudiments of the limbs and mouth-parts ; and the
sternites, or ventral walls, of the thorax and of the two basal
rings of the head appear. The anterior part of the head, in-
cluding the so-called ¢ procephalic lobes” overhangs and con-

Fi0. 57. Side view of embryo. The procephalic lobes are not shown. 1, antenna;
8, mandibles; 3, maxille; 4, second maxille (labium); 5-7, legs. These numbers
and letters are the same in all the figures from 57-60. The under-side (sternum)
of six segmeats are indicated. Fig. 58. Ventral view of the same.
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ceals the base of the antenns. It is probable that more
careful obsdrvation would have shown the end of the abdomen
folded back upon the dorsal region, as usual at this period in
the embryos of those insects whose embryology ‘has been
studied.

The antennee, mandibles, and maxillee form a group by them-
selves, while the second maxille (or labium) are very much
larger and turned backwards, being temporarily grouped with
the legs.

There are traces only of the two basal sterna of the abdo-
men. This indicates that the basal abdominal segments grow
in succession from the base of the abdomen, the middle ones
appearing last. The post-abdomen (Fig. 59a) has probably
been developed synchronous with the procephalic lobes, as it is
in all insect and crustacean embryos yet observed. As stated
by Zaddach, these two lobes in their development are exact
equivalents; antero-posterior symmetry is very clearly de-
marked, the two ends of the body at first looking alike. But
in this stage, after the two ends of the body have been evolved
from the primitive cell-layer, development in the post-abdomi-
nal region is retarded, that of the head progressing with much
greater rapidity.

In the next stage (not figured) the yolk is completely walled
in, though no traces of segments appear on the back or side of
the embryo. The revolution of the embryo has taken place;
the post-abdomen being curved beneath the body, and the back
presenting outwards.

The rudiments of the eyes appear as a darker, rounded mass
of cells indistinctly seen through the yolk-granules, and situ-
ated at the base of the antennse. They consist of a few epithe-
lial cells of irregular’ form, the central one being the largest.

The second maxille are a little over twice the length of the
first maxillee and are grouped with the legs, being curved back-
wards. They are, however, now one-third shorter than the an-
terior legs. The second maxillary sternum is still visible.

The tip of the abdomen (or post-abdomen) consists of four
segments, the terminal one being much the larger, and ob-
scurely divided into two obtuse lobes.

The abdominal sternites are now well marked, and the ner-
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vous cord is represented by eight or nine large oblong-square
‘seen sideways) ganglia, which lie contiguous to each other.

The formation of the eyes, the post-abdomen, the sternites,
and median portion of the nervous cord seems nearly synchro-
nous with the closing up of the dorsal walls of the body, though
the division of the tegument into segments has not apparently
taken place over the yolk-mass.

The succeeding stage (Fig. 59) is signalized by the appear-
ance of the rudiments of the intestine, ; 32
while the second maxills are directed
more anteriorly.

In form the body is ovate-cylin-
drical, and there is a deep constric-
tion separating the post-abdomen
from the anterior part of the abdo-
men. A76 & 4 1c

The terminal (eleventh) ring is Fig. 0.
immensely disproportioned to its size in the embryo just pre-
vious to hatching (see Fig. 61, where it forms a triangular piece

56 1 situated between its appendages,
the anal stylets). At a later
period of this stage two more ab-
dominal segments have been added,
one to the end of the main body
of the abdomen, and another to
the post-abdomen. They have
been apparently interpolated at the

cl23 4~ a junction of the post-abdomen to
Fig. 60. the abdomen proper. Should this
observation be proved to be correct, it may then be considered
as a rule that, after reaching a certain number of segments, all
additional ones are interpolated between the main body of the
abdomen and its terminal segment or segments. This is the
" law of increase in the number of segments in Worms, and in
Myriopods (Julus, according to Newport’s observations), in
Arachnids (Claparéde), and Crustacea (Rathke).
The hext stage (Fig. 60), is characterized by the differentia-

FIG. 59. An embryo much farther advanced. cC,clypecus; E, eye; A, bi-lobed
extremity of the abdomen; I,the rudiments of the intestines.
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tion of the head into the rudiments of the antennary ring, and
the supraclypeal piece, and clypeus, together with the approx-
imation of the second pair of maxille, which, when united, form
the labium, the extremities of which are now situated in the
middle of the body.

The antenn® now extend to the middle of the labium, just
passing beyond the extremities of the mandibles and maxillse.
The cesophagus can also be seen going from the mouth-opening
situated just beneath the labium. It curves around just behind
the cyes. There are at this period no appearances of movable
blood-disks or of a dorsal vessel.

The abdomen is now pointed at the extremity and divided
into the rudiments of the two anal stylets, which form large,

acute tubercles. The yolk-mass is also almost
-z entirely inclosed within the body walls, form-
ing an oval mass.
Another embryo, observed July 27th, had
o reached about the same stage of growth. The
front of the head, including the antennary
segment, is farther advanced than before. The
entire head is divided into two very distinct
‘! regions; i.e. one before the mouth-opening
(the preoral region, including the antennary,
or first segment of the head, carrying the
organs of vision ; namely, the occlli and com-
pound eyes, and the organs of sense, or an-
tenne); and the other behind the mouth
Fig. 61. (postoral) consisting of the mandibular, or
second segment, the first mazillary, or third segment, and the
second mazillary, or labial, being the fourth and last scgment.

At a later period the embryo is quite fully formed, and is
about ready to leave the egg. The three regions of the body
are now distinct. The articulations of the tergum are present, .
the yolk-mass being completely inclosed by the tergal walls.

F1G. 61. The embryo taken from the egg, but nearly ready to hatch. T, the
dotted line crosses the main trachea, going through the yolk-mass, now restricted
to the thoracic region. At X, the traches send off numerous branches around an
enlargement of the intestine (colon), where the blood is aerated ; better seen in fig.
63. The abdomen consists of eleven segments, the last being a minute triangular
piece.




THE DEVELOPMENT OF INSECTS. 59

The body is so bent upon itself that the extremities of the
second maxille just overlap the tip of the abdomen.

The two limbs of the labium are now placed side by side,
with the prominent spinous appendage on the outer edges of
the tip. These spines are the rudiments of the labial palpi.

The general form of the embryo at a still later period (Fig.
61), on being taken from the egg and straightcned out, re-
minds us strikingly of
the Thysanura, and, in
these and other re-
spects, tend to prove
that the Podurz and
Lepisme, and allied
genera, are embryonic,
degraded forms of Neu-
roptera, and should
therefore be considered
as a family of that sub-
order. Seen laterally,
the body gradually ta-
pers from the large
head to the pointed ex-
tremity. The body is
flattened from above
downwards. At this
stage the appendages
are still closely ap-
pressed to the body.

Just before the ex-
clusion of the embryo,
the legs and mouth-
parts stand out freer
from the body. The labium, especially, assumes a position at
nearly right angles to the body. The antenne, mandibles,
and maxille have taken on a more definite form, being like

F16.63. The larva just hatched and swimming in the water. N, ventral cord or
nervous ganglia; D, dorsal vessel, or ‘‘heart,” divided into its chambers. The
anal valves at the end of the abdomen, which open and shut during respiration, are
represented as being open. Both of the dotted lines cross the trachem. X, net-
work of the trachese, surrounding the cloaca.

.
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that of the young larva, and stand out free from the body.
The head is much smaller in proportion to the rest of the
body, and bent more upon the breast.

The Larva (Fig. 62)
when hatched is about
five hundredths of an
inch in length. The
head is now free and
the antenne stand out
free from the front.
The thorax has greatly
diminished in size,
while the abdomen has
become wider, and the

Fig. 63. limbs very long; and
the numerous minute tubercles, seen in the preceding stage,
have given origin to hairs. The dorsal vessel can now, for the

first time, be seen. When in motion, the resemblance
to a spider is most striking. The fiow of blood to
the head, and the return currents through the lacunar
or venous circulation along the side of the body were
easily ‘observed. The vessels were not crowded with
blood disks, the latter being few in number, only one
Fig.64. or two passing along at a time. Two currents, pass-
ing in opposite directions, were observed in the legs.

.

F1a. 63. Side view of the head of the larva of Diplax before the first moult. e,
deciduous tubercles terminating in a slender style; their use is unknown; they
have not been observed in the full-grown larva. e, the compound eyes. 1, the
three jointed antennse, the terminal joint nearly three times as long as the two
basal ones. 2, the mandibles, and also enlarged, showing the cutting edge divided
into four teeth. 8, maxille divided into two lobes: d, the outer and anterior lobe,
2-jointed, the basal joint terminating in two sete; and a, the inner lobe concealed
from view, in its natural position, by the outer lobe, d. 4, the base or pedicel of
the second maxille, or labium, the expanded terminal portion being drawn sepa-
rately; d and a, two movable stout styles representing, perhaps, the labial palpi;
the lobe to which they are attached is multidentate, and adapted for seizing
prey; on the right side the two styles are appressed to the lobe. x represents,
perhaps, the ligula; but we have not yet studied its homologies carefully: this
part is attached to a transversely linear piece soldered to the main part of the
labium. y, the 1ith abdominal ring, with its pair of conical anal styles. &, the
last tarsal joint and pair of long slender claws.

FIG. 64. The pupa of Diplax, having rudimentarywings, in which the oyes are
much larger, and the legs much shorter than in the recently hatched larva; ine
troduced to be compared with the young larva. Figs. 57-64, original.
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On review it will be seen how remarkable are the changes in
form of the insect before it is hatched, and that all are the
result of simple growth. We have seen that the two ends of
the body are first formed, and that the under side of the body
is formed before the back; that the belly is at first turned out-
wards, and afterwards the embryo reverses its position, the
back presenting outwards. All the appendages are at first
simple protrusions from the body-walls, and new segments are
interpolated near the tip of the abdomen. These changes take
place very rapidly, within a very few days, and some of the
most important and earlier ones in a few hours. We cén now
better understand that the larva and pupa stages are the result
of a similar mode of growth, though very marked from being
in a different medium, the insect having to seek food and act
as an independent being.

TRANSFORMATIONS OF THE INsecT. We have seen that
during the growth of the embryo, the insect undergoes remark-
able changes of form, the result of simple growth. The meta-
morphoses of the animal within the egg are no less marked
than those which occur after it has hatched. It will also be
seen that the larva and pupa stages are not always fixed, defi-
nite states, but only pauses in the development of the insect,
concealing beneath the larva and pupa skins the most impor-
tant changes of form.

The process of hatching. No other author has®so carefully
described the process of hatching as Newport, who observed
it in the larva of Meloé. ¢‘‘When the embryo larva is ready
for its change, the egg-shell becomes thinned and concave on
that side which covers the ventral surface of the body, but is
much enlarged, and is more convex on the dorsal, especially
towards the head. The shell is then burst longitudinally along
the middle of the thoracic segments, and the fissure is ex-
tended forwards to the head, which then, together with the
thoracic segments, is partially forced through the opening, but
is not at once entirely withdrawn. The antenne, parts of the
mouth, and legs are still inclosed within separate envelopes,
and retain the larva in this covering in the shell. Efforts are
then made to detach the posterior segments of the body, which
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are gradually released, and with them the antennse, palpi, and
legs, and the larva removes itself entirely from the shell and
membranes. In this process of evolution the young Meloé
throws off two distinct coverings: first, the shell with its lining
membrane, the analogue of the membrane in which, as I have
elsewhere shown,* the young Myriopod is inclosed, and re-
tained several days after the bursting of the ovum, and which
represents in the Articulata, not the allantois, but apparently
the amnion, of Vertebrata ; next, the first, or feetal deciduation
of the tegument, analogous probably to the first change of skin
in the Myriopod, after it has escaped from the amnion, and
also to the first change which the young Arachnidan invariably
undergoes a few days after it has left the egg, and before it
can take food. This tegument, which, perhaps, may be analo-
gous to the vernix caseosa of Vertebrata, thrown off at the
instant of birth, is left by the young Meloé with the amnion
in the shell; and its separation from the body, at this early
period, seems necessary to fit the insect for the active life it
has commenced.” (Linn. Trans. xx. p. 306, etc.)

The larva state. The larva (Latin larva, a mask) was so
called because it was thought to mask the form of the perfect
insect. The larvae of Butterflies and Moths are called cater-
pillars; those of Beetles, grubs; and those of the two-winged
Flies (Diptera) maggots; the larvee of other groups have no
distinctive common names.

As soon a3 it is hatched the larva feeds voraciously, as if in
anticipation of the coming period of rest, the pupa state, for
which stores of fat (the fatty bodies) are developed for the
supply of fat globules out of which the tissues of the new
body of the pupa and imago are to be formed.

Most larvae moult, or change their skin, four or five times.
In the inactive thin-skinned larvee, such as those of Bees,
Wasps, and Gall-flies, the moults are not apparent; as the
larva increases in size it out-grows the old skin, which comes
off in thin shreds. But in the active larvee, such as cater-
pillars, grasshoppers, and grubs, from the rapid absorption of
vessels in the outer layer of the skin, just before the change,

® Philosophical Transactions, Pt. 3, 1841, p. 111.
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it becomes hard and dry, and too small for the growing in-
sect, and is then cast off entire.

A series of bee-larvae can be selected showing a graduation
in size and form from the egg and recently hatched larva up to
the full-grown larva. In the caterpillar and other active larve,
there are usually four or five stages, each showing a sudden and
marked increase in size. Newport states that the caterpillar
of Sphinx ligustri moults six times, and at the last moult be-
comes a third larger than at any earlier period; the larva of
Arctia caja moults from five to ten times.

A few days before the assumption of the pupa state, the
larva becomes restless, stops eating, and deserts its food, and
usually spins a silken cocoon, or makes one of earth, or chips,
if a borer, and there prepares for the change to the pupa state.

During this semipupa period (lasting, in many insects, only
for a day or several days, but in some Saw-flies through the
winter) the skin of the pupa grows beneath that of the quies-
cent larva. While the worm-like larva exhibits no trire-
gional distinctions, the muscles of the growing pupa contract
and enlarge in certain parts so as to modify the larva form,
until it gradually assumes the triregional form of the adult
insect, with the differentiation of the body into a head, thorax,
and abdomen.

In a series of careful studies, abundantly illustrated with
excellent plates, Weismann has recently shown that Swammer-
dam’s idea that the pupa and imago skins were in reality
already concealed under that of the larva is partially founded
in truth. Swammerdam states, ‘I can point out in the larva
all the limbs of the future nymph, or Culex, concealed beneath
the skin,” and he also observed beneath the skin of the larve
of bees just before pupating, the antennge, mouth-parts, wings,
and limbs of the adult. (Weismann.)

During its transformations the pupa skin is developed from
the hypodermis, or inner layer of skin. This peals off, as it
were, from the inner layer of the old larva skin, which soon
dries and hardens, and is thrown off. Meanwhi
of the body contract and change in form, thus ca
nal segments of the larva to infold and contract a
gradually producing the pupa form. If, during 1
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insect be examined at intervals, a series of slight changes of
form may be seen, from the larva to the imago state. In some
cases each change is accompanied by a moult, as in the ‘‘ac-
tive” Ephemera, where Lubbock counted twenty one moults.

As a general rule, then, it may be stated that the body of
the larva is transformed into that of the imago; ring answer-
ing to ring, and limb to limb in both, the head of the one
is homologous with that of the other, and the appendages of
the larva are homologous with the appendages of the imago.

Weismann has shown that in the larva of the Meat-fly, Musca
vomitoria, the thorax and head of the imago are developed
from what he calls ¢imaginal disks.” These disks are minute
isolated portions of the hypodermis, which are formed in the
embryo, before it leaves the egg, and are held in place within
the body-cavity of the larva by being attached either to nerves
or trachez, or both. After the outer layer of the larva skia
dries and hardens, and forms the cask-shaped puparium, the
use of which corresponds to the cocoon of moths, etc., these
imaginal disks increase in size 8o as to form the tegument of
the thorax and head. The abdomen of the Meat-fly, however,
is formed by the direct conversion of the eight hinder segments
of the body of the larva, into the corresponding segments of
the imago.

Accompanying this change in the integument there is a
destruction of all the larval system of organs; this is either
total or effected by the gradual destruction of tissues. Now
we see the use of the ‘fatty body;” this breaks up, setting
free granular globules of fat, which, as we have seen in the
embryo, produces by the multiplication of cells the new tissues
of the pupa. Thus the larva-skin is cast aside, and also the
softer organs within, but the formation of new tissues keeps
even pace with the destruction of the old, and the insect pre-
serves its identity throughout. The genital glands, however,
are indicated even in the embryo, and are gradually developed
throughout the growth of the insect, so that this histolysis, or
destruction of tissues, is not wholly complete. The quiescent
pupa-state of Musca is long-continued, and its vitality is latent,
the acts of respiration and circulation being almost suspended.
(Weismann.)
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In the metamorphosis of Corethra,a Mosqﬁito-like Fly, which
is active both in the larva and pupa states, *the segments of
the larva are converted directly into the corresponding seg-
ments of the body of the imago, the appendages of the head
into the corresponding ones of the head of the imago; those
of the thorax are produced after the last moult of the larva
as diverticula of the hypodermis round a nerve or trachea,
from the cellular envelope of which the formation of tissue in
the interior of the appendages issues. The larval muscles of
the abdominal segments are transferred unchanged into the
imago; the thoracic muscles peculiar to the imago, as also
some additional abdominal muscles, are developed in the last
larval periods from inditferent cellular cords which are indi-
cated even in the egg. The genital glands date back to the
embryo, and are gradually developed ; all the other systems of
organs pass with little or no alteration into the imago. Fatty
body none or inconsiderable. Pupa-state short and active.”
(Weismann.)

As the two types are most clearly discriminated by the
presence or absence of true imaginal disks, Weismann suggests
that those insccts which undergo a marked metamorphosis
might be divided into Insecta discota (or Insects with imaginal
disks), and those without, into Insecta adiscota.

The metamorphosis of Corethra may prove to be a type of
that of all insects which are active in their preparatory stages;
and that of Musca typical of all those that are quiescent in the
pupa-state, at least the Lepidoptera and those Diptera which
have a coarctate® pupa, together with the Coleoptera and those
Neuroptera in which the metamorphosis is complete, as Phry-
ganea, Ilemerobius, etc.

The transformations of the Humble-bec are easily observed
by taking a nest after the first brood have matured, when we
shall find individuals in all stages of development from the
larva to the imago state. The figures below show four stages,
but in reality there is every gradation between these stages.

® The larve of some of the higher Diptera spin a slight cocoon, while the true
flics, such as the Muscwdae and Syrphidwe, ete., change to pupse within the larva
skin which contracts into a cylindrical “ puparium” corresponding in use to the
cocoon ; such pupse are called * coarctate.”

5
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Fig. 64 shows what we may call the semipupa, concealed by
the larval skin. There are eleven pairs of stigmata, three
thoracic and eight abdominal. The head of the semi-pupa
lies under the head (a) and prothoracic ring (b). The basal
ring of the abdomen (c), or fourth ring from the head, is un-
changed in form. This figure also will suffice to represent

Fig. 66. Fig. 67.
the larva, though a little more produced anteriorly than in
its natural form.

In another stage (Fig. 65) of the semi-pupa, the larval skin
is entirely sloughed off, the two pairs of wing-pads lying paral-
lel, and very equal in size, like the wings of Neuroptera. The
thoraco-abdominal ring, or propodeum (c), is distinguished by
its oblong spiracle (n), essentially differing from those on
the abdomen. At this point the body contracts, but the head
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and thorax together are yet, as still more in the previous
stage, much smaller than in the pupa, and there is still a con-
tinuous curve from the tip of the abdomen to the head. (g,
antenna ; h, lingua, maxille, and palpi; ¢, fore-legs; j, mid-
dle legs; k, meso-scutum; [, meso-scutellum; n, spiracle of
the propodeum.)

In a succeeding stage (Fig. 66) of the semi-pupa, the head
and thorax together nearly equal in size the abdomen, and the
propodeum (c) has become entirely transferred to the thorax.
The head has become greatly enlarged ; the rings are very un-
equal, the hinder pair are much smaller, and overlaid by the
anterior pair; the three terminal pair of abdominal rings, so
large in Fig. 65, have been absorbed, and partially inclosed in
the cavity of the abdomen; and there has been a farther dif-
ferentiation of the ring into the sternite (d), pleurite (¢), and
tergite (f). (a, eye; h, lingua; o, ovipositor, two outer
rhabdites exposed to view.) The abdominal spiracles in Figs.
65 and 66, are represented by a row of dots. In the pupa
they are concealed by the tergites, which overlap the sternites.

Fig. 67 represents the pupa state, where the body has become
much shorter, and the appendages of the head and thorax greatly
differentiated ; the external genital organs are wholly retracted
within the cavity of the abdomen ; the head is freer from the
body, and the whole bulk of the head and thorax together. in-
cluding the appendages, greater than that of the abdomen.
These changes of form, assumed by the insect in its passage
from the larva to the pupa state, are nearly as striking as
the so-called ‘‘hypermetamorphosis” of Meloé and Sitaris
described by Newport and Fabre. (I, mesoscutellum; p, cly-
peus ; ¢, maxillee with the palpi ; r, lingua.)

We have also observed similar changes in the semi-pupa of a
Tineid larva, which we found in the mud-cells of Odynerus
albophaleratus. There were over a dozen specimens in different
stages of growth from the larva to the pupa, which were but
partially paralyzed by the well-directed sting of the intelligent
wasp, 8o that some continued to transform into perfect pupe.

The following changes were noticed : the larva straightened
out, and became a little shorter, the prothoracic ring remaining
the same ; the head of the pupa being beneath it; the meso-
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thoracic ring enlarged, swelling and rounding above and on the
sides, and with this increase in size drawing the meta-thorax
forwards. The first visible portion of the pupa beneath is the
mesothorax.  The thoracic legs of the larva are now con-
stricted at their base, and have become useless.

In the next stage, the most important change noticed is in
the metathorax, which now becomes broadly heart-shaped. In
a succeeding stage, the whole thorax bulges out, and is much
larger and clearly distinguished from the head and abdomen.
The prothorax of the larva disappears, and that of the pupa
takes its place. The occiput of the pupa, just before the larva-
skin is thrown off, can be distinctly scen under the larval occi-
put. pushing aside each half of the latter.

In the last stage of Bombus just before the imago leaves its
cell, the body and limbs are surrounded by a thin pellicle.
‘This pellicle also envelops the moth, just before it leaves the
pupal state, and is cast off when it moults the pupa-skin. This
is probably identical with the skin cast by the active subimago
of Ephemera, soon after it has taken its flight. Westwood also
considers this subimago skin identical with that covering the
bodies of coarctate Diptera, as in Erisfolic,

Newport states, that when the imagzo of Sphinx is about to
cast off the pupa-skin the abdominal segments are elongated
beyond their original extent, this being the first part of the
insect that is entirely freed from its attachment within the
pupa-case. After this the thorax slits down, and the body is
drawn out of the rent. In the Butterfly the wings mature in a
few moments, but those of Sphinx being thicker, require two
or three hours.

Newport (Philosophical Transactions, London. 1832 and
1834) has detailed with great minuteness the internal changes
of Sphinz ligustri while transforming. The most marked
changes are in the nervous and digestive systems,

Several anomalous modes of metamorphosis have heen ob-
served, one in Diptera and the other in Sitaris and Meloé, The
development of the latter insect will be noticed beyond.

Sir John Lubbock has described the singular metamorphosis
of Lonchoptera, which he considers to be allied to Samgus,
though the adult stages differ greatly. The larve are oblong
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ovate, flattened, with four long sete in front and two behind,
with the sides of the body emarginate and spinulated. They
were found under logs. ¢ When the larva is full grown, it de-
taches itself from the skin, which retains its form, and within
which the insect changes into a white opaque fleshy grub con-
sisting apparently of thirteen segments which gradually dimin-
ish in size from one end to the other. There are no limb-cases.
According to analogy the pupa should be ‘incomplete;’ it is
probable, therefore, that the legs and wings make their appear-
ance at a later stage. .If this be so the perfect form is only
attained after passing through three well-marked stages. I re-
gret, however, that the specimens at my disposal did not enable
me to decide this point.” (Trans. Ent. Soc. London, Third
Ser. i, 1862.)

Haliday states that Thrips goes through a propupa and pupa
stage. There are five well-defined stages in the Homopterous
Typhlocyba, and more than three in Aphis. Yersin has noticed
several stages in the development of Gryllus campestris, and
the genus Psocus has four such stages.

The duration of the different stages varies with the changes
of the seasons. Cold and damp weather retards the process of
transformation. Réaumur kept the pupa of a Butterfly two
years in an ice-house before, on being removed to a warm place,
it changed to a butterfly. Chrysalids survive great alter-
nations of heat and cold; they may be frozen stiff on ice, and
then, on being gradually exposed to the heat, thaw out and
finish their transformations.

Retrograde Development. There are certain degradational
forms among the lowest members of each group of Insccts
which imitate the group beneath them. The Turdigrades (which
are considered by some authors to be allied to the Mites) are
mimicked by the low parasitic worm-like Demodez folliculorum ;
the low Neuroptera, such as Lepisma, imitate the Myriopoda ;
and the wingless Lice remind us of the larva of the Neuropter-
ous Hemerobius.

Among the Coleoptera, the history of Stylops affords a strik-
ing example. The active six-footed larva is transformed into
the strange bag-like female which takes on the form of a cylin-
drical sac, the head and thorax being consolidated into a
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nunuie tlattened portion. The process of degradation here
sevias ciited ot to its farthest limit.
Lhus the degraded torms of the lower series of Hexapods
taiwe on i Maviopod saspeet. In the more highly cephalized
iptan, Lepudopters, and Hymenoptera the degraded forms
ate wedeited on 3 higher articulate type.  The idea of a divis-
eu ute thwee tegions is involved.  Thus the wingless forms
ot blesg weh as the Bind-louse, Nirmus; the Bat-tick, Nycte-
crry the Beeslouse, Braula; and Chionea resemble strikingly
tae acaenal Arachnids.
tu tie wingless temale of Orgyia and the Canker-worm moth,
the and °s tree, but the thorax is merged into the abdomen.
tne tescaivlanee to the lower insects is less striking. The
woraet wts and wingless Ichneumons, Pezomachus, still more
sanaady aahere to the type of their suborder, and in them the
tean goonad fonm ot the body persists.  Among the first of the
cndepita here cited we have seen the workings of a law, by
wa o teat degradaed forms of insects (and this law is exerted
w ta givater Toree in Crustacea) tend to revert to the worm-like,
avecowee may esll ity the arcketypal, form of all Articulata.
W have seen that many winged forms mimic the groups
Junve ot whereas the wingless degraded species revert to a
W woane loame lw either case, the progress is towards a
" weowoa lower forme The latter is the more exeeptional, as
v oveacaon and growth of all animals is upwards towards a
¢ peseadaad, ditterentiated form.
‘. ncwos After completing its transformations the adult
¢« . uacdiately secks to provide for the propagation and
. e of the species.  The sexes meet, and, soon after,

. ‘v, iow e longer of use in the insect economy, perishes.
v v’ hastens to lay her eggs either in, upon, or near
v o .ote be the food of the young, and then dies. This

I voviatly oecurs in the summer and autumn, and during
w o the species is mostly represented by the egg alone.
% a ieoe the adult insect hibernate, but in many species
v Whonuates to disclose the adult in early summer.

. va ey as such, lives through the winter.
w0 Agptow virgin butterfly for two years in his hot-
tica (s it would seem that the duration of the life
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of an insect may be in this way greatly prolonged. Most in-
sects live one year. Hatching from the egg in early summer,
they pass through the larva state, and in the autumn become
pupee, to appear as imagos for a few days or weeks in the
succeeding summer. Many Lepidoptera are double-brooded, and
some have even three broods, while the parasitic insects such as
Lice and Fleas, and many Flies, keep up a constant succession
of broods. Warmth, Mr. R. C. R. Jordan remarks in the Ento-
mologists’ Monthly Magazine, has much to do with rapidity
of development, as insects may be forced artificially into hav-
ing a second brood during the same season.. Some Coleoptera,
such as the Lamellicorns, are supposed to live three years in
the larva state, the whole time of life being four years. The
Cockchafer (Melolontha) of Europe is three years in arriving
at the perfect state, and the habits of the Goldsmith Beetle
(Cotalpa lanigera), according to Rev. Samuel Lockwood
(American Naturalist, vol. 2, p. 186), and of the June Beetle,
and allied genera, are probably the same.

GeoGraPHICAL DistriBUTION. The insect-fauna of a coun-
try comprises all the insects found within its limits. The
Polar, Temperate, and Tropical zones each have their distinct
insect-fauna, and each continent is inhabited by a distinct
assemblage of insects. It is also a curious fact that the insect-
fauna of the east coast of America resembles, or has many an-
alogues in, that of the Eastern hemisphere, and the west coast
of one repeats the characteristics of the west coast of the
other. Thus some California insects are either the same spe-
cies or analogues (i.e. representative species) of European
ones, and the Atlantic coast affords forms of which the ana-
logues are found in Eastern Asia and in India. This is corre-
lated with the climatic features which are repeated on alternate
sides of the two hemispheres.

The limits of these faun® are determined by temperature and
natural boundaries, i.e. the ocean and mountain ranges. Thus
the insect-fauna of the polar regions is mu
Europe, Asia, and North America ; certain wid
species being common to all three of these con

When we ascend high mountains situated i
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zone, whose summits nearly reach the snow-line, we find a
few insects which are the same or very similar to those of the
polar regions ; such an assemblage is called an Alpine fauna.

The insect-fauna of each great continent may be divided into
an Arctic, or polar, a Temperate, and a Tropical fauna, and an
Alpine fauna if there are mountains in the warm latitudes which
reach near the snow-line. Mountain barriers, inland scas, des-
erts, and peculiarities in the flora (or collection of plants
peculiar to a certain district), are boundaries of secondary
importance in limiting the distribution of species.

On the other hand insects are ditfused by winds, rivers,
oceanic currents, and the agency of man. By the latter im-
portant means certain insects become cosmopolitan. Certain
injurious insects become suddenly abundant in newly cultivated
tracts. The balance of nature seems to be disturbed, and
insects multiplying rapidly in newly settled portions of the
country, become terrible pests. In the course of time, how-
ever, they seem to decrease in numbers and moderate their
attacks.

Insect-faunge are not limited by arbitrary boundaries, but
fade into each other by insensible gradations corresponding in
a general way to the changes of the temperature of different
portions of the district they inhabit.

The subject of the geographical distribution of insects, of
which we have as yet but given the rudiments, may be studied
to great advantage in North America. The Arctic insect-fauna
comprises Greenland, the arctic American Archipelago, and the
northern shores of the continent beyond the limit of trees. A
large proportion of the insects found in this region occur in
arctic Europe and arctic Asia, and are hence called circum-
polar, while other species are indigenous to each country.
Again, the arctic fauna of Labrador and Hudson’s Bay ditfers
from that of the arctic portions of the region about Behring’s
Straits, certain species characterizing one side of the continent
being replaced by representative species which inhabit the
opposite side.

The Alpine fauna of the White Mountains consists, besides
a very few peculiar to them, of circumpolar species, which are
now only found in Labrador and Greenland, and which are
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supposed to be relics of a glacial fauna which formerly inhab-
ited the northern part of the temperate zone, and in former
times followed the retreat of a glacial, or arctic climate from
the low-lands to the Alpine summits. These patches, or out-
liers, of an Arctic fauna, containing however a preponderance
* of subarctic forms, also occur in the colder parts of New
England.

The subarctic fauna is spread over DBritish North America,
stretching north-westerly from the interior of Labrador and the
northern shores of the St. Lawrence, following the course of
the isothermal lines which run in that direction, and north of
which no cereals grow. There are subarctic forms which inhabit
the shores of the Bay of Fundy, especially about Eastport,
Maine, where the fogs and cold arctic marine currents lower
the climate. ’

Dr. J. L. Leconte, in & paper on the Coleoptera of Kansas
and Eastern New Mexico (Smithsonian Contributions to Knowl-
edge), thus subdivides the Coleopterous fauna of the United
States, and gives a useful map to which the reader is referred.

“The whole region of the United States is divided by merid-
ional, or nearly meridional lines into three, or perhaps four,
preat zoblogical districts, distinguished each by numerous
peculiar genera and species, which, with but few exceptions, do
not extend into the contiguous districts. The eastern one
of these extends from the Atlantic Ocean to the arid prairies on
the west of Iowa, Missouri, and Arkansas, thus embracing
(for convenience merely) a narrow strip near the sea-coast of
Texas. This narrow strip, however, belongs more properly
to the eastern province of the tropical zodlogical district of
Mexico. B

**The central district extends from the western limit of the
castern district, perhaps to the mass of the Sierra Nevada of
California, including Kansas, Nebraska, Utah, New Mexico,
Arizona, and Texas. Except Arizona, the entomological fauna
of the portion of this district west of the Rocky Mountains,
and in fact that of the mountain region proper, is entirely un-
known ; and it is very probable that the region does in reality
constitute two districts bounded by the Rocky Mountains, and
the southern continuation thereof.
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¢The western district is the maritime slope of the continent
to the Pacific, and thus includes California, Oregon, and Wash-
ington Territories.

*“These great districts are divided into a number of prov-
inces, of unequal size, and which are limited by changes in
climate, and therefore sometimes distinctly, sometimes vaguely
defined.”

¢The method of distribution of species in the Atlantic and
Pacific districts, as already observed by me in various memoirs,
is entirely difierent. In the Atlantic district, a large number
of species are distributed over a large extent of country ; many
species are of rare occurrence, and in passing over a distance
of several hundred miles, but small variation will be found in
the species obtained. In the Pacific district, a small number
of species are confined to a small region of country; most
species occur in considerable numbers, and in travelling even
one hundred miles, it is found that the most abundant species
are replaced by others, in many instances very similar to them ;
these small centres of distribution can be limited only after
careful collections have been made at a great number of locali-
ties, and it is to be hoped that this very interesting and im-
portant subject of investigation may soon receive proper atten-
tion from the lovers of science of our Pacific shores.

¢In the Central district, consisting, as it does to a very
large extent, of deserts, the distribution seems to be of' a mol-
erate number of species over a large extent of country, with a
considerable admixture of local species ; such at least seems to
be the result of observations in Kansas, Upper Texas, and
Arizona.”

There are a very few species which range from New England
to Brazil, and fewer still (Xyleutes robinie, according to Bois-
duval, is found in California) range from New KEngland to
California. Junonia ceenia, according to authors, is found both
in the Southern States and California, and Pyrharctia isabella
of the Eastern States would be easily confounded with . Cali-
Jornica,

Vuriation. Islands aflord more variable forms than conti-
nents ; the Madeiran insects and those of Great Britain vary
more than the same species found on the continent of Europe.
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A species spread through two zones of temperature also varies ;
many European specics, according to McLachlan, becoming
‘ melanized” in going northward, while others become paler.
Such varieties have been described as different species.

Mr. Alfred Wallace finds that the most constant forms of
species are thosc the most limited in their geographical range
as to a particular island, while those species, which range over
a large part of the Malayan Archipelago, vary very consider-
ably. It is a general rule throughout the animal and vegetable
world, that the most widely spread species are those capable of
withstanding the greatest climatic changes, and adapting them-
selves to the greatest diversities of topography.

While the most widely distributed species are thought to be
the most variable, Mr. Scudder finds in the genus Chionobas
that C. semidea, restricted to the summit of Mt. Washington
varies almost as much as C. Oeno, which is circumpolar, being
found both in Labrador and Northern Europe.

Mr. Wallace (Transactions of the Linnsan Society, xxv,
1865, p. 14) mentions the following facts ‘‘as showing the
special influence of locality in giving a peculiar fucies to the
several disconnected species that inhabit it.”

¢“On examining the closely allied species, local forms, and
varieties distributed over the Indian and Malayan regions, 1
find that larger or smaller districts, or even single islands, give
a special character to the majority of their Papilionidse. For
instance: 1. The species of the Indian region (Sumatra, Java,
and Borneo) are almost invariably smaller than the allied spe-
cies inhabiting the Celebes and Moluccas; 2. The species of
New Guinea and Australia are also, though in a less degree,
smaller than the nearest species or varieties of the Moluccas:
3. In the Moluccas themselves the species of Amboyna are larg-
est ; 4. The species of Celebes equal or even surpass in size those
of Amboyna ; 5. The species and varieties of Celebes possess
a striking character in the form of the anterior wings, differing
from that of the allied species and varieties of all the surrounding
islands ; 6. Tailed species in India or the Indian region become
tailless as they spread eastward through the archipelago.”

Variety breeding. Varieties may be produced artificially ;
thus negro varieties of insects may be raised ‘from parents
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more or less tainted with melanism, and according to Knaggs,
there is a ¢‘frequent recurrence of individuals wanting a hind
wing, which may be noticed even at large in Macaria notata.”
‘“Few species are liable to the same extent of variation, and
many apparently to none at all.” Certain species vary ac-
cording as they may have reproduced, generation after gen-
eration, on a chalky, peaty, gravelly, or other soil.” Food also
exerts an influence in inducing variation, according as cater-
pillars of the same species feed on different plants ; this occurs
most commonly in the Micro-lepidoptera. (Knaggs,in the
Entomologist’s Monthly Magazine, London.}

Introduced species of insects, like those of plants, often thrive
more vigorously than the native forms. This is instanced by
native insects which abound in unusual numbers in newly
cleared districts where the former presence of forests and
their natural foes kept them under. The Potato-beetle, Can-
ker-worm, and Clisiocampa must have lived formerly in mcd-
erate numbers on our native plants, where now countless hosts
afféct our introduced plants. Among species introduced from
a foreign country we have only to instanee the Hessian Fly,
the Wheat-midge, the Coddling-moth, the Clothes-moth, the
Apple Bark-louse, and the Grain-weevil. Mr. W. T. Brig-
ham informs us that some of the most abundant insects in the
Hawaiian Islands are introduced species carried by vessels
from Europe. Vunessa Antiopa, Pyrameis cardui, and P.
Atalanta, so abundant in this country, are supposed to be intro-
duced butterflies. Aphodius fimetarius, found by us living in
dung on Mt. Washington, is one of our most common beetles,
and the Asparagus-beetle, introduced from Europe a few years
since, is common in gardens in Eastern New York, while Mr.
Walsh has recorded the appearance of the European Gooseberry
Saw-Fly, which ravages the Gooseberry and Cwrrant. Preris
rape, the Cabbage-butterfly, introduced from Europe into
Quebec about 1859, soon became abundant within a circle of
forty miles radius about that city, and has even spread into
Maine and Vermont along the railroads leading from Quebec.

Insect Years. There are insect years as well as ‘-apple
years,” seasons when insects most abound. Every collector
knows that there are certain years when a particular species of
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insect is unusually common. The Army-worm, Leucania uni-
puncta, swarms in countless numbers in a summer following
a dry and warm spring. After a cold and rainy spring, insects
are less abundant. Mr. F. Smith remarks that in England the
summer and autumn of 1860 were unusually wet, which dis-
abled the bees, wasps, and fossorial hymenoptera generally, in
building their nests. We know how ants are hindered from
building their nests by rain, and in a very rainy season num-
bers probably die. A succession of rainy seasons caused the
Andreng, or Spring bees, to disappear from the vicinity of
London. While a severe winter, if the cold be continuous, is
not injurious to insects, mild periods in winter, when it is warm
enough to rouse them from torpidity, are as fatal to insects as
to vegetation, should severc cold immediately follow.

GeoLocicaL DistriBuTioN. The geological distribution of
insects corresponds generally with that of other animals,
though insect-remains are few in number, owing naturally to
the difficulty with which their fragile forms are preserved
in the rocks. Professor (. F. Hartt has discovered near St.
John, New Brunswick, the oldest insect-remains in the world.
They occur in some plant-beds of the Upper Devonian forma-
tion, and consist of six species of Neuroptera. Mr. Scudder,
who has referred to them in vol. 1 of the American Naturalist,
states that with the exception of one or two Ephemeridze, or
May-flies, they mostly represent families which are now extinct.
He describes a gigantic May-fly, Platephemera antiqua (Pl. 1,
fig. 3) ; Lithentomum Harttii (Pl 1, fig. 5) ; Homothetus fossi-
lis (Pl. 1,fig. 7) ; and Xenoneura antiquorum which is supposed
to bear a stridulating organ like that of the Grasshoppers,
80 that he ‘‘is inclined to believe there were chirping Neu-
roptera in those days.”

Ascending to the Carboniferous rocks, insect-remains appear
more abundant. At Morris, Illinois, have been collected some
remarkable forms. Among them are Miamia Bronsonii Dana
(PL 1, fig. 1), allied to the White Ants and Hemeristia occi-
dentalis Dana, allied to Hemerobius and Chrysopa; with these
occurred remains at first supposed by Prof. Meek to be those
of a caterpillar (Fig. 68), but now thought to belong to
some worm.
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In the Coal-beds of New Brunswick and Nova Scotia, Dr.
Dawson, Mr. Barnes, and Professor O. C. Marsh have discovered
several interesting Neuropterous and
Orthopterous insects; among them a
:\ Cockroach, Archimulacris Acadica (Pl.
'y 1,* fig. 2). In Europe, Carboniferous
insects have been discovered at Wettin,
Saarbriick, etc.

Fig. 6. The insects from these two form-
ations show a tendency to assume gigantic and strange shapes.
They are also comprehensive types, combining the characters of
different families and even different suborders. The most re-
markable instance is the Eugereon Boeckingii Dohrn, from the
Coal Formation of Germany. It has been referred by Dr.
Hagen, with some doubt, to the Hemiptera, from its long im-
mense rostrum into which all the mouth-parts are produced. the
labium ensheathing them as usual in the Hemiptera. Its fore-
legs are large and raptorial; but the filiform many-jointed an-
tennge, and the net-veined wings are Neuropterous characters.
Hence Dohrn considers it as a comprehensive type uniting

* EXPLANATION OF PLATE l.

Fig. 1. Miamia Bronsonii. A Neuropterous insect found in iron-stone concre-
tions in the Carboniferous beds at Morris, Illinois. The figure is maguified one-
third, and has all its parts restored; the dotted lines indicate the parts not existing
on the stone. Reduced from a figure in the Mewmoirs of the Boston Society of Nat-
ural History, Vol. I.

Fig. 2. Archimulacris Acadica. Wing of a Cockroach observed by Mr. Barnes
in the coal-formation of Nova Scotia.

Fig. 3. Platephemera antiqua. A gigantic May-fly obtained Ly Mr. Hartt in the
Devonian rocks of New Brunswick.

Fig. 4. Xylobius sigillarice. The Myriopod (or Gally-worm) found in the coal-
formation of Nova Scotin, by J. W. Dawson. Copied from a figure in Dr. Dawson's
Air-breathers of the Coal-period. Magnified.

Fig. 5. Lithentomum Hartii. A Neuropterous insect, thc specimen first dis-
covered by Mr. Hartt in the Devonian rocks of New Brunswick. This fossil, and
those accompanying it, are the oldest insect-remains in the world.

Fig. 6. 'Three facets from the eve of an insect, considered by Dr. Dawson a
Dragon-fly. It was found in coprolites of reptiles in the rocks containing the My-
riopod, represented in Fig. 4. Copied from Dr. Dawson’s figure, greatly magnified.

Fig. 7. Homothetus fossilis. A Neuropterous insect from the Devonian rocks of
New Brunswick; it was discovercd by Mr. Hartt.

Fig. 8. Haplophlebium Barnesii. A curious Neuropterous inscct, of large size,
probably allied to our May-flies; taken by Mr. Barnes from the coal of Cape Bre-
ton.

These figures, with the exception of 1, 4, and 6, are of life size, and borrowed
from the new edition of Dr. Dawson’s Acadian Geology.
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the characters of the Neuroptera and Hemiptera. It is a
large insect, spreading about two inches; its body must have
measured over an inch in length. )

In the Mesozoic rocks, the celebrated Solenhofen locality in
Bavaria is rich in Liassic insect-remains. Dr. Hagen (Ento-
mologist’s Annual, London, 1862) states that among the Solen-
hofen fossils the Neuroptera and Orthoptera are most largely
represented ; as out of four hundred and fifty species of insects,
one hundred and fifty are Neuroptera, of which one hundred
and thirty-six are Dragon-flies, and besides “there is a Cory-
dalus, one Chrysopa, a large Apochrysa, and a Dbeautiful
Nymphes. The last two genera, which do not seem very remote
from Chrysopa, are now found only in the Southern Hemi-
sphere, Nymphes is peculiarly an Australian genus.”

The Lias of England is very rich in fossil insects, especially
the Purbeck and Rhoetic Beds (see Brodie’s Work on Fos-
sil Insects and also Westwood in the Geological Journal, etc.
Vol. X.).

In the Trias, or New-Red Sandstone of the Connecticut
Valley, Professor Hitchcock has found numerous remains of
the larva of an aquatic insect.

The insects of the Tertiary formation more closely resemble
those of the present day. The most celebrated European
locality is (Eningen in Switzerland.

According to Professor O. Heer, over five thousand specimens
of fossil insects have been found at (Eningen, comprising 844
species, of which 518 are Coleopterous. From all Tertiary
Europe there are 1,322 species, as follows: 166 Hymenoptera,
18 Lepidoptera, 166 Diptera, 660 Coleoptera, 217 Hemiptera,
39 Orthoptera, and 56 Neuroptera.

“If we inquire to what insect-fauna of the present period
the Tertiary fauna is most analogous, we shall be surprised to
find that most of the species belong to genera actually found in
the old and the new world. The insect-fauna of (Eningen con-
tains 180 genera of this category, of which 114 belong to the
Coleoptera. Of these last, two (Dineutes and Caryborus) re-
main in Europe, while all the others are now found living both
in Europe and in America. The whole number of Coleopterous
genera furnished by (Eningen, and known to me, amount to
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158 ; those that are common to both hemispheres forming then
more than two-thirds of the whole number, while of the actual
Colcopterous fauna of Europe, according to the calculation of
M. Lacordaire, there is only one-third. The genera found to-day
in both parts of the world have then during the Tertiary epoch
played a more important part than is the case now; hence
the knowledge of the character of the fauna is rendered more
difficult. We find at (Eningen but a very small number (five)
of genera exclusively European; seventeen are found to-day
in Europe, in Asia, and in Africa, but not in America. For the
most part they belong to the Mediterranean fauna (comprising
eight genera) and give to the insect-fauna of (Eningen a strong
proportion of Mediterranean forms. In this fauna I only know
of one exclusively Asiatic genus; two are peculiar to Africa,
and two others (Anoplites and Naupactus) are American.

¢“There are now living, however, in Europe certain genera
which, without being exclusively American, since they are found
in Asia and in Africa, belong more peculiarly to America ; such
are Belostomum, Hypselonotus, Diplonychus, Evagorus, Sten-
opoda, Plecia, Caryborus, and Dineutes. . . . The genera peculiar
to our fauna of Tertiary insects amount to forty-four, of which
twenty-one belong to the Coleoptera; among the Orthoptera
there is one, and six Hymenoptera, six Diptera, and eleven
Hemiptera. They comprise 140 species.” (Heer.)

An apparently still richer locality for Tertiary insccts has
been discovered by Professor Denton west of the Rocky Moun-
tains, near the junction of the White and Green Rivers, Colo-
rado. According to Mr. Scudder ** between sixty and seventy
species of insects were brought home, representing nearly all
the different suborders; about two-thirds of the species were
Flies,—some of them the perfect insect, others the maggot-like
larvie,—bat, in no instance, did both imago and larva of the
same insect occur.  The greater part of the heetles were quite
small ; there were three or four kinds of Homoptera (allied to
the tree-hoppers), Ants of two different genera, and a poorly
preserved Moth. Perhaps a minute Thrips, belonging to a
group which has never been found fossil in any part of the
world, is of the greatest interest.”

He thus sums up what is known of American fossil insects.




THE DISEASES OF INSECTS. 81

“The species of fossil insects now known from North America,
number eighty-one : six of these belong to the Devonian, nine
to the Carboniferous, one to the Triassic, and sixty-five to the
Tertiary epochs. The Hymenoptera, Homoptera, and Diptera
occur only in the Tertiaries ; the same is true of the Lepidop-
tera, if we exclude the Morris specimen, and of the Coleoptera,
with one Triassic exception. The Orthoptera and Myriopods
are restricted to the Carboniferous, while the Neuroptera occur
both in the Devonian and Carboniferous formations. No fossil
Spiders have yet been found in America.” (American Nat-
uralist, vol. 1, p. 630.) One species of Spider has been found
in the Coal-measures of Europe, and a large number in Prus-
sian Amber.

TaE Diseases oF INsects have attracted but little atten-
tion. They are so far as known mostly the result of the attacks
of parasitic plants and animals, though epidemics are known
to break out and carry off myriads of insects. Dr. Shimer
gives an account of an epidemic among the Chinch bugs, which
‘‘was at its maximum during the moist warm weather that fol-
lowed the cold rains of June and the first part of July, 1865.”

Species of microscopic plants luxuriate in infinitesimal for-
ests within the alimentary canal of some wood-devouring insects,
and certain fungi attack those species which are exposed to
dampness, and already enfecbled by other causes. Among the
true entophyta, or parasitic plants, which do not however ordi-
narily occasion the death of their host, Professor Leidy describes
Enterobryus elegans, E. spiralis, E. alternatus, Arthromitus
cristatus, Cladophytum ccmatum, and Corynocladus radiatus,
which live mostly attached to the mucous walls of the interior
of the intestine of Julus marginatus and two other species of
Julus, and Pussalus cornutus. Eccrina longa Leidy, lives in
Polydesmus Virginiensis; and E. moniliformis Leidy in P.
granulatus.

But there are parasitic fungi that are largely destructive to
their hosts. Such are Sphaeria and Isaria. ¢ These fungi
grow with great rapidity within the body of the animal they
attack, not only at the cxpense of the nutritive fluids of the

latter, but, after its death, all the interior soft tissues appear
6
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to be converted into one or more aerial receptacles of spores.”
(Leidy.) These fungi, so often infesting caterpillars, are hence
called ¢ caterpillar fungi.” They fill the whole body, distend-
ing even the legs, and throw out long filaments, sometimes
longer than the larva itself, giving a grotesque appearance to
the insect. Leidy has found a species which is very common
in the Seventeen-year Locust, Cicada septendecim. He found
‘“‘among myriads of the imago between twelve and twenty
specimens, which, though living, had the posterior third of the
abdominal contents converted into a dry, powdery, ochreous-
yellow, compact mass of sporuloid bodies.” He thinks this
Cicada is very subject to the attacks of these fungi, and that
the spores enter the anal and genital passages more readily
than the mouth ; thus accounting for their development in the
abdomen.

The most formidable disease is the *‘ Muscardine,” caused by
a fungus, the Botrytus Bassiana of Balsamo. It is well known
that this disease has greatly reduced the silk crop in Europe.
Balbiani has detected the spores of this fungus in the eggs of
Bombyzx mori as well as in the different parts of the body of
the insect in all stages of growth. Extreme cleanliness and
care against contagion must be observed in its prevention.

Among plants a disease like Muscardine, due to the presence
of a minute fungus (Mucor mellitophorus), fills the stomach
of some insects, including the Honey-bee, with its colorless
spores, and greatly weakens those affected. Another fungus,
Sporendonema muscee, infests the common House-fly.

Another Silk-worm disease called ¢ Pebrine,” carries off many
silk-worms. Whether it is of pathological or vegetable origin
is not yet settled.

There are also a few intestinal worms known to be para-
sitic in insects. The well-known ‘Hair-worm” (Gordius)
in its young state lives within the body of various insects in-
cluding the Spiders. The tadpole-like young differs greatly
from the parent, being short, sac-like, ending in a tail. Upon
leaving the egg they work their way into the body of insects,
and there live on the fatty substance of their hosts, where they
undergo their metamorphosis into the adult hair-like worm,
and make their way to the pools of water in which they live
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and beget their species, and lay ¢ millions of eggs connected
together in long cords.” Leidy thus writes regarding the
habits of a species which infests grasshoppers.

¢*The number of Gordii in each insect varies from one to five,
their length from three inches to a foot ; they occupy a position
in the visceral cavity, where the’y lie coiled among the viscera,
and often extend from the end of the abdomen forward through
the thorax even into the head ; their bulk and weight are fre-
quently greater than all the soft parts, including the muscles,
of their living habitation. Nevertheless, with this relatively
immense mass of parasites, the insects jump about almost as
freely as those not infested.

¢“The worms are milk-white in color, and undivided at the
extremities. The females are distended with ova, but I have
never observed them extruded. When the bodies of Grass-
hoppers, containing these entozoa, are broken and lain upon
moist earth, the worms gradually crecp out and pass below its
surface.”

Goureau states that Filaria, a somewhat similar worm, in-
habits Hibernic brumata and Vanessa prorsa. (Ann. Ent. Soc.
France.)

Siebold describes Gordius subbifurcus which infests the
Honey-bee, especially the drones, though it is rather the work-
ers, which frequent the pools where the Gordii live, that we
would expect to find thus infested. Another entozoan is Jes-
mis albicans of Siebold, which is a very slender whitish worm
much like Gordius, and about five inches long. It is found in
the drone of the honey-bee and in some other insects.

Deformities of Insects. Numerous instances of supernume-
rary legs and antennee are recorded. The antennge are some-
times double, but more commonly the legs. ¢ Of these As-
muss has collected eight examples, and it is remarkable that in
six of them the parts on one side ‘are treble.” Newport, from
whom we have quoted, states that ‘‘the most remarkable ex-
ample is that given by Lefebvre of Scarites Pyrachmon in which
from a single coxa on the left side of the prosternum two tro-
chanters originated. The anterior one, the proper trochanter,
supported the true prothoracic leg ; while the posterior one, in
the form of an oblong lanceolate body, attached to the base of
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the first, supported two additional legs equally well formed as
the true one.”

The wings are often partially aborted and deformed ; this is
especially noticeable in the wings of butterflies and moths.
Mr. F. G. Sanborn has described and
figured a wing of a female of Libellula
luctuosa Burm. (Fig. 69), in which
among other deformities ‘‘the ptero-
stigma is shorter and broader than that
of the opposite wing, and is situated about one-cighth of an inch
only from the nodus, only one cubital vein occurring between
them, instead of fourteen as in the opposite wing.” (Proceed-
ings of the Boston Society of Natural History, vol. xi, p. 326.)

Fig. 69.

DirectioNs FOR COLLECTING AND PRESERVING INSECTS.
Insects differ sexually in that the female generally appears to
have one abdominal ring less (one ring disappearing during the
semi-pupa state, when the ovipositor is formed), and in being
larger, fuller, and duller colored than the males, while the lat-
ter often differ in sculpture and ornamentation. In collect-
ing, whenever the two sexes are found united they should be
pinned upon the same pin, the male bheing placed highest.
When we take one sex alone, we may feel sure that the other
is somewhere in the vicinity ; perhaps while one is flying about
so as to be easily captured, the other is hidden under some
leaf, or resting on the trunk of some tree near by, which must
be examined and every bush in the vicinity vigorously beaten
by the net. Many species rare in most places have a metropolis
where they occur in great abundance. During seasons when
his favorites are especially abundant the collector should lay
up a store against years of scarcity.

At no time of the year need the entomologist rest from his
labors. In the winter, under the bark of trees and in moss he
can find many species, or on trees, etc., detect their eggs, which
he can mark for observation in the spring when they hatch out.

He need not relax his endeavors day or night. Mothing is
night employment. Skunks and toads entomologize at night.
Early in the morning, at sunrise, when the dew is still on
the leaves, insects are sluggish and easily taken with the hand ;

> 9
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so at dusk, when many species are found flying, and in the
night, the collector will be rewarded with many rarities, many
species flying then that hide themselves by day, while many
caterpillars leave their retreats to come out and feed, when the
lantern can be used with success in searching for them.

Wollaston (Entomologist’s Annual, 1865) states that sandy
distriéts, especially towards the coast, are at all times prefer-
able to clayey ones, but the intermediate soils, such as the
loamy soil of swamps and marshes are more productive. Near
the sea, insects occur most abundantly beneath pebbles and
other objects in grassy spots, or else at the roots of plants.
In many places, especially in Alpine tracts, as we have found
on the summit of Mt. Washington and in Labrador, one has to
lie down and look carefully among the short herbage and in
the moss for Coleoptera.

The most advantageous places for collecting are gardens and
farms, the borders of woods and the banks of streams and
ponds. The deep, dense forests, and open, treeless tracts are
less prolific in insect life. In winter and early spring the moss
on the trunks of trees, when carefully shaken over a newspaper
or white cloth, reveal many beetles and Hymenoptera. In the
late summer and autumn, toadstools and various fungi and rot-
ten fruits attract many insects, and in early spring when the
sap is running we have taken rare insects from the stumps of
freshly cut hard-wood trees. Wollaston says, ¢ Dead animals,
partially-dried bones, as well as the skins of moles and other
vermin which are ordinarily hung up in fields are magnificent
traps for Coleoptera; and if any of these be placed around or-
chards and inclosures near at home, and be examined every
morning, various species of Nitidule, Silphidce, and other
insects of similar habits, are certain to be enticed and cap-
tured.

¢“Planks and chippings of wood may be likewise employed
as successful agents in alluring a vast number of species which
might otherwise escape our notice, and if these be laid down
in grassy places, and carefully inverted every now and then
with as little violence as possible, many insects will be found
adhering beneath them, especially after dewy nights and in
showery weather. Nor must we omit to urge the importance
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of examining the under sides of stones in the vicinity of ants’
nests, in which position, during the spring and summer months,
many of the rarest of our native Coleoptera may be occasion-
ally procured.” Excrementitions matter always contains many
interesting forms in various stages of growth.

The trunks of fallen and decaying trees offer a rich harvest
for many wood-boring larvee, especially the Longicorn beetles,
and weevils can be found in the spring, in all their stages. Nu-
merous carnivorous Coleopterous and Dipterous larve dwell
within them, and other larvee which eat the dust made by the
borers. The inside of pithy plants like the elder, raspberry,
blackberry, and syringa, are inhabited by many of the wild
bees, Osmia, Ceratina, and the wood-wasps, Crabro, Stigmus,
ete., the habits of which, with those of their Chalcid and Ich-
neumon parasites, offer endless amusement and study.

Ponds and streams shelter a vast throng of insects, and
should be diligently dredged with the water-net, and stones
and pebbles should be overturned for aquatic beetles, He-
miptera, and Dipterous larve.

The various sorts of galls should be collected in spring and
autumn and placed in vials or boxes, where they may be rear-
ed, and the rafters of out-houses, stone-walls, etc., should be
carefully searched for the nests of Mud-wasps.

Collecting Apparatus. First in importance is the net. This
is made by attaching a ring of brass wire to a handle made
to slide on a pole six feet long. The net may be a foot in
diameter, and the bag itself made of thin gauze or mosquito-
netting (the finer, lighter, and more durable the better), and
should be about twenty inches deep. It should be sewed to a
narrow border of cloth placed around the wire. A light net
like this can be rapidly turned upon the insect with oné hand.
The insect is captured by a dexterous twist which also throws
the bottom over the mouth of the net. The insect should be
temporarily held between the thumb and fore-finger of the hand
at liberty, and then pinned through the thorax while in the net.
The pin can be drawn through the meshes upon opening the
net. The beating-net should be made much stouter, with a shal-
lower cloth bag and attached to a shorter stick. It is used for
beating trees, bushes, and herbage for beetles and Hemiptera
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and various larve. Its thorough use we would recommend in
the low vegetation on mountains and in meadows. The water-
net may be either round or of the shape indicated in Fig. 70.
The ring should be made of brass, and
the shallow net of grass-cloth or coarse
millinet. It is used for collecting aqua-
tic insects.

Various sorts of forceps are indispen-
sable for handling insects. Small delicate narrow-bladed for-
ceps with fine sharp points in use by jewellers, and made
either of steel or brass, are excellent for handling minute
specimens. For larger ones long curved forceps are very con-
venient. For pinning insects into boxes the forceps should be
stout, the blades blunt and curved at the end so that the insect
can be pinned without slanting the forceps much. The ends
need to be broad and finely indented by lines so as to firmly
hold the pin. With a little practice the forceps soon take the
place of the fingers. They will have to be made to order by
a neat workman or surgical-instrument maker. Some persons
use the ordinary form of pliers with curved handles, but they
should be long and slender. A spring set in to separate the
handles when not grasped by the hand is a great convenience.

Various pill-boxes, vials, and bottles must always be taken,
some containing alcohol or whiskey. Many collectors use a
wide-mouth bottle, containing a sponge saturated with ether,
chloroform, or benzine, or bruised laurel leaves, the latter be-
ing pounded with a hammer and then cut with scissors into
small pieces, which give out exhalations of prussic acid strong
enough to kill most small insects.

Besides these the collector needs a small box lined with
corn-pith, or cork, and small enough to slip into the coat-
pocket ; or a larger box carried by a strap. DMost moths and
small flies can be pinned alive without being pinched (which
injures their shape and rubs off the scales and hairs), and then
killed by pouring a little benzine into the bottom of the box.

Killing Insects for the Cabinet. Care in killing affects very
sensibly the looks of the cabinet. If hastily killed and dis-
torted by being pinched, with the scales rubbed off and other-
wise mangled, the value of such a specimen is diminished
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either for purposes of study or the neat appearance of the col-
lection.

Besides the vapor of ether, chloroform, and benzine, the
fumes of sulphur readily kill insects. Large specimens may
be killed by inserting a pin dipped in a strong solution of ox-
alic acid. An excellent collecting bottle is made by putting
into a wide-mouth bottle two or three small pieces of cyanide
of potassium, which may be covered with cotton, about half-
filling the bottle. The cotton may be covered with paper
lightly attached to the glass and pierced with pin-holes; this
keeps the insect from being lost in the bottle. For Diptera,
Loew recommends moistening the bottom of the collecting box
with creosote. This is excellent for small flies and moths, as the
mouth of the bottle can be placed over the insect while at rest ;
the insect flies up into the bottle and is immediately suffocated.
A Dottle well prepared will, according to Laboulbéine, ‘last
several months, even a year, and is vastly superior to the old
means of using ether or chloroform. He states, ‘‘the incon-
venience of taking small insects from a net is well known, as
the most valuable ones usunally escape; but by placing the end
of the net, filled with insects, in a wide-mouthed bottle, and
putting in the cork for a few minutes, they will be suffocated.”

Pinning Insects. The pin should be inserted through the
thorax of most insects. The Colcoptera, however, should be
pinned through the right wing-cover; many Hemiptera are
best pinned through the scutellum. The ‘specimens should all
be pinned at an equal height, so that about one-fourth of the
pin should project above the insect.

The best pins are those made in Berlin by Klager. They are
of five sizes, No. 1 being the smallest; Nos. 1, 2, and 5 are
the most convenient. For very minute insccts still smaller pins
are made. A very good but too short pin is made by Edles-
ton and Williams, Crown Court, Cheapside, London. Their
Nos. 19 and 20 may be used to impale minute insects upon,
and then stuck through a bit of cork, or pith, through which a
No. 5 Klager pin may be thrust. Then the insect is kept out
of the reach of devouring insects. Still smaller pins are made
by cutting off bits of very fine silvered wire at the right length,
which may be thrust by the forceps into a piece of pith, after
the insects have been impaled upon them.
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Small insects, especially beetles, may be mounted on cards
or pieces of mica through which the pin may be thrust. The
French use small oblong bits of mica, with the posterior half
covered with green paper on which the number may be placed.
The insect may be gummed on the clear part, the two sexes to-
gether. The under side can be seen through the thin mica.

Others prefer triangular pieces of card, across the end of
which the insect may be gummed, so that nearly the whole un-
der side is visible.

Mr. Wollaston advocates gumming small Coleoptera upon
cards. Instead of cutting the pieces of cards first, he gums them
promiscuously upon a sheet of card-board. ¢ Having gummed
thickly a space on your card-board equal to, at least, the entire
specimen when expanded, place the beetle upon it, drag out
the limbs with a pin, and, leaving it to dry, go on with the
next one that presents itself. As the card has to be cut after-
wards around your insect (so as to suit it), there is no advan-
tage in gumming it precisely straight upon your frame,— though
it is true that a certain amount of care in this respect lessens
your after labor of cutting-off very materially. When your
frame has been filled, and you are desirous of separating the
species, cut out the insect with finely pointed scissors.”

For mending broken insects, i.e. gumming on legs and an-
tennse which have fallen off, inspissated ox-gall, softened with a
little water, is the best gum.

For gumming insects upon cards Mz. Wollaston recommends
a gum ‘‘composed of three parts of tragacanth to one of
Arabic, both in powder ; to be mixed in water containing a grain
of corrosive sublimate, without which it will not keep, until
of a consistency just thick enough to run. As this gum is of
an extremely absorbent nature, nearly a fortnight is required
before it can be properly made. The best plan is to keep add-
ing a little water (and stirring it) every few days until it is
of the proper consistency. It is advisable to dissolve the grain
of corrosive sublimate in the water which is poured first upon
the gum.”

Preservative Fluids. The best for common use is alco-
hol, diluted with a little water; or whiskey, as alcohol of full
strength is too strong for caterpillars, ete., since it shrivels them
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up. Glycerine is excellent for preserving the colors of cater-
pillars, though the internal parts decay somewhat, and the
specimen is apt to fall to pieces on being roughly handled.

Laboulbéne recommends for the preservation of insects in a
fresh state plunging them in a preservative fluid consisting of
alcohol with an excess of arsenious acid in fragments, or the
common white arsenic of commerce. A pint and a half of al-
cohol will take about fourteen grains (troy) of arsenic. The
living insect, put into this preparation, absorbs atout +7;; of its
own weight. When soaked in this liquor and dried, it will be
safe from the ravages of Moths, Anthrenus, or Dermestes. This
liquid will not change the colors of blue, green, or red beetles
if dried after soaking from twelve to twenty-four hours. Ile-
miptera and Orthoptera can be treated in the same way.

A stay of a month in this arseniated alcohol mineralizes the
insect, so that it appears very hard, and, after drying, becomes
glazed with a white deposit which can, however, be washed off
with alcohol. In this state the specimens become too hard for
dissection and study, but will do for cabinet specimens designed
for permanent exhibition.

Another preparation recommended by Laboulbéne is alcohol
containing a variable quantity of corrosive sublimate, but the
latter has to be weighed, as the alcohol evaporates easily, the
liquor becoming stronger as it gets older. The strongest soiu-
tion is one part of corrosive sublimate to one hundred of alco-
hol ; the weakest and best is one-tenth of a part of corrosive
sublimate to one hundred parts of alcohol. Insccts need not re-
main in this solution more thau two hours before drying. Both
of these preparations are very poisonous and should be handled
with care. The last-named solution preserves specimens from
mould, which will attack pinned insccts during damp summers.

A very strong brine will preserve inseets until a better liquor
can be procured. Professor A. E. Verrill recommends two sim-
ple and cheap solutions for preserving. among other specimens,
the larvee of inscets ¢ with their nataral color and form remark-
ably perfect.” The first consists of two and a half pounds of
common salt and four ounces of nitre dissolved in a gallon of
water, and filtered. Specimens should be prepared for perma-
nent preservation in this solution by being previously immersed
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in a solution consisting of a quart of the first solution and
two ounces of arseniate of potash and a gallon of water. (Pro-
ceedings Boston Society Nat. Hist., vol. x, p. 257.)

The nests, cocoons, and chrysalids of insects may be pre-
served from injury from other insects by being soaked in the
arseniated alcohol, or dipped into benzine, or a solution of car-
bolic acid or creosote. -

Preparing Insects for the Cabinet. Dried insects may be
moistened by laying them for twelve or twenty-four hours in
a box containing a layer of wet sand, covered with one thick-
ness of soft paper. Their wings can then be easily spread.
Setting-boards for spreading the wings of insects may be made
by sawing deep grooves in a thick board, and placing a strip
of pith or cork at the bottom. The groove may be deep enough
to allow a quarter of the length of the pin to project above
the insect. The setting-board usually consists of thin parallel
strips of board, leaving a groove between them wide enough to
receive the body of the insect, at the bottom of which a strip
of cork or pith should be glued. The ends of the strips should
be nailed on to a stouter strip of wood, raising the surface of
the setting-board an inch and a half so that the pins can stick
through without touching. Several setting-boards can be made
to form shelves in a frame covered with wire gauze, so that
the specimens may be preserved from dust and destructive in-
sects, while the air may at the same time have constant access
to them. The surface of the board should incline a little to-
wards the groove for the reception of the insect, as the wings
often gather a little moisture, relax and fall down after the
insect is dried. Moths of medium size should remain two or
three days on the setting-board, while the larger thick-bodied
Sphinges and Bombycidce require a week to dry. The wings
can be arranged by means of a needle stuck into a handle
of wood. They should be set horizontally, and the front mar-
gin of the fore-wings drawn a little forward of a line perpen-
dicular to the body, so as to free the inner margin of the hind
wings from the body, that their form may be distinctly seen.
When thup arranged, they can be confined by pieces of card
pinned to the board as indicated in figure 71, or, as we prefer,
by square pieces of glass laid upon them.
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After the insects have been thoroughly dried they should not
be placed in the cabinet until after having been in quarantine
to see that no eggs of Dermestes or
Anthrenus, etc., have been depositetl
on them.

For preserving dried insects in the
cabinet Laboulbéne recommends plac-
ing a rare insect (if a beetle or any

Fig. 71 other hard insect) in water for an hour
until the tissues be softened. If soiled, an insect can be
cleansed under water with a fine hair-pencil, then submit it to
a bath of arseniated alcohol, or, better, alcohol with corrosive
sublimate. If the insect becomes prune-colored, it should be
washed in pure alcohol several times. This method will do
for the rarest insects ; the more common ones can be softened
on wet sand, and then the immersion in the arseniated alcohol
suffices. After an immersion of an hour or a quarter of an
hour, according to the size of the insect, the pin is not affected
by the corrosive sublimate, but it is better to unpin the insect
previous to immersion, and then pin it when almost dry.

For cleaning insects ether or benzine is excellent, applied
with a hair-pencil ; though care should be taken in using these
substances which are very inflammable.

After the specimens are placed in the cabinet, they should be
farther protected from destructive insects by placing in the
drawers or boxes picces of camphor wrapped in paper perfo-
rated by pin-holes, or bottles containing sponges saturated with
benzine. The collection should be carefully examined every
month ; the presence of insects can be detected by the dust
beneath them. Where a collection is much infested with
destructive insects, benzine should be poured into the bottom
of the box or drawer, when the fumes and contact of the ben-
zine with their bodies will kill them. The specimens them-
selves should not be soaked in the benzine if possible, as it
renders them brittle.

Insect-cabinet. For permanent exhibition, a cabinet of shal-
low drawers, protected by doors, is most useful. A drawer
may be eighteen by twenty inches square, and two inches deep
in the clear, and provided with a tight glass cover. For constant

/
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use, boxes made of thin, well-seasoned wood, with tight-fitting
covers, are indispensable. For Coleoptera, Dr. Leconte recom-
mends that they be twelve by nine inches (inside measurement).
For the larger Lepidoptera a little larger box is preferable.
Others prefer boxes made in the form of books, which may be
put away like books on the shelves of the cabinet, though the
cover of the box is apt to be in the way.

The boxes and® drawers should be lined with cork cut into
thin slips for soles ; such slips come from the cork-cutter about
twelve by four inches square, and an eighth of an inch thick. A
less expensive substitute is paper stretched upon a frame. Mr.
E. S. Morse has given in the American Naturalist (vol. I, p.
156) a plan which is very neat and useful for lining boxes in a
large museum, and which
are placed in horizontal
show-cases (Fig. 72). ‘A
box is made of the re-
quired depth, and a light
frame is fitted to its in-
terior. Upon the upper
and under surfaces of this
frame, a sheet of white
paper (drawing or log-
paper answers the pur- ¢
pose) is securely glued. Fig. 72.

The paper, having been previously dampened, in drying con-
tracts and tightens like a drum-head. The frame is then
secured about one-fourth of an inch from the bottom of the
box, and the pin is forced down through the thicknesses of
paper, and if the bottom of the box be of soft pine, the point
of the pin may be slightly forced into it. It is thus firmly held
at two or three different points, and all lateral movements are
prevented. Other advantages are secured by this arrangement
besides firmness; when the box needs cleaning or fumigation,
the entire collection may be removed by taking out the frame,
or camphor, tobacco, or other material can be placed on the
bottom of the box, and concealed from sight. The annexed
figure represents a transverse section of a portion of the side
and bottom of the box with the frame. A, A, box; B, frame;
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P, P, upper and under sheets of paper; C, space between
lower sheet of paper and bottom of box.”

Other substitutes are the pith of various plants, especially
of corn; and palm wood, and ‘‘inodorous felt” is used, being
cut to fit the bottom of the box.

Leconte recommends that ‘‘for the purpose of distinguish-
ing specimens from different regions, little disks of variously
colored paper be used ; they are easily madeby a small punch,
and should be kept in wooden pill-boxes ready for use; at
the same time a key to the colors, showing the regions em-
braced by each, should be made on the fly-leaf of the catalogue
of the collection.” He also strongly recommends that the
¢¢gpecimens should all be pinned at the same height, since the
ease of recognizing species allied in characters is greatly in-
creased by having them on the same level.”

He also states that ¢*it is better, even when numbers with
reference to a catalogue are employed, that the name of each
species should be written on a label attached to the first speci-
men. Thus the eye is familiarized with the association of the
species and its name, memory is aided, and greater power given
of identifying species when the cabinet is not at hand.” For
indicating the sexes the astronomical sign & (Mars) is used for
the male, and @ (Venus) for the female, and @ for the worker.

Transportation of Insects. While travelling, all hard-bodied
insects, comprising many Hymenoptera, the Coleoptera, He-
miptera, and many Neuroptera should be thrown, with their
larve, etc., into bottles and vials filled with strong alcobol.
‘When the bottle is filled new liquor should be poured in, and
the old may be saved for collecting purposes; in this way the
specimens will not soften and can be preserved indefinitely, and
the colors do not, in most cases, change. Leconte states that
¢¢if the bottles are in danger of being broken, the specimens,
after remaining for*a day or two in alcohol, may be taken out,
partially dried by exposure to the air, but not so as to be brit-
tle, and these packed in layers in small boxes between soft
paper ; the boxes should then be carefully closed with gum-
paper or paste, so as to exclude all enemies.”

Lepidoptera and Dragon-flies and other soft-bodied insects
may be well preserved by placing them in square pieces of pa-
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which arise from them, should be noted, besides the general
form of the body. The lines along the body are called dorsal,
if in the middle of the bhack, subdorsal; if upon one side, lat-
eral, and ventral when on the sides and under surface, or stig-
matal if including the stigmata or breathing pores, which are
generally parti-colored. Indeed, the whole biography of an
insect should be ascertained by the observer; the points to
be noted are:

1. Date, when and how the eggs are laid ; and number, size,
and marking of the eggs.

2. Date of hatching, the appearance, food-plant of larva,
and number of days between each moulting ; the changes the
larva undergoes, which are often remarkable, especially before
the last moulting, with drawings illustrative of these; the hab-
its of the larva, whether solitary or gregarious, whether a day
or night feeder ; the Ichneumon parasites, and their mode of
attack. Specimens of larvze in the different moultings should
be preserved in alcohol. The appearance of the larvee when
full-fed, the date, number of days before pupating, the forma-
" tion and description of the cocoon, the duration of larvee in the
cocoon before pupation, their appearance just before changing,
their appearance while changing, and alcoholic specimens of
larvee in the act, should all be studied and noted.

8. Date of pupation; description of the pupa or chrysalis;
daration of the pupa state, habits, etc. ; together with alcoholic
specimens, or pinned dry ones. Lepidopterous pupe should be
looked for late in the summer or in the fall and spring, about
the roots of trees, and kept moist in mould until the imago
appears. Many Coleopterous pupwe may also occur in mould,
and if aquatic, under submerged sticks and stones, and those
of borers under the bark of decaying trees.

4. Date when the insect escapes from the pupa, and method
of escape; duration of life of the imago; and the numbe
broods in a season.

EstomorLocicaL Works. The titles of a few of the mos
portant works on Insects are given below. The more adva
student should, however, possegs Dr. Hagen’s Bibliotheca
tomologica, 8vo, 2 vols., Leipzig, 1862-3, which contai

7
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complete list of all entomological publications up to the year
1862. Besides these he should consult the annual reporis on
the progress of Entomology published in Wiegmann’s Archiv
fur Naturgeschichte, begun in 1834, and continued up to the
present time ; and also Ginther’s Zodlogical Record (8vo, Van
Voorst, London), beginning with the year 1864. Occasionzl
articles are also scattered through the various government re-
ports, and those of agricultural societies and agricultural
papers.

GENERAL WORKS.

The works of Swammerdam, Malphighi, Leeuwenhoek, Lyonnet, Serres, Meckel,
Ramdohr, Suckow, Merian, and Herbst.

Réaumur, Réné Ant. de.  Mémoires pour servira P Histoire des Insectes. Paris, 193¢
-1742, 7 vols. 4to.

Roesel, Aug. Joh. Der lich herausgegeben Insekten-Belustigung. Ntrnberg,
17461761, 4 vols. 4to, illustrated.

Geer, Carl de. Mémoires pour servir & I'Histolre des Insectes, 1753-1778, 7 vols.
4to. :

Linnceus, Carolus. Systema Natura, 1735. 12th edition, 1766-1768.

Fabricius, Jok. Christ. Systema Entomologis, 1775, 8vo.

. Genera Insectorum, 1777, 8vo.
Species Insectorum, 1781. 2 vols. 8vo.

e, Mantissa Insectorum, 1787, 2 vols. 8vo.

——. Entomologia Systematica, 4 vols. 8vo, 1792-04.

Cramer, P. Papillons exotiques des trois parties du monde. 4 vols. 4to, 1775-&2.

Stoll, Casper. Supplement to Cramer’s Papillons exotiques. 4to, Amsterdam,
1787-01.

Smith, J. E., and Abbot, John. The Natural History of the Rarer Lepidopterous
Insects of Georgia. Fol. Plates. London, 1797.

Latreille, Pierre André. Précis des caractéres générique des Insectes, 1796, 8vo.

. Genera Crust: um et I um, 4 vols. 8vo, 1806-1509.
. Considération générales sur ) Ordre naturel des Animaux composant
les Cl des Crustacés, des Arachnides et des I {’

@=——. In Cuvier’s Régne animal, 8vo, 1810.

———. Familles naturelles du Régne animal, 8vo, 1825,

——. Cours @’ Entomologie, 8vo, 1831.

Fabricius, Otho. Fauna Groenlandica. Hafnize, 1780, 8vo. Contains Lédellula
virgo (erroneously), Phryganea rhombica, Termes divinatorium, etc.

Drury, Drew. Illustrations of Natural Ilistory, etc. London, 1770-1782, 4t0, 3 vols.
(ed. Westwood, 1837). Numerous species are figured and described.

Treviranus, G. R. Vermischte Schriften anatomischen und physiologischen Inhalts
Bd. 1u.2. Géttingen, 1816-17, 4to.

Mac Leay, W. S. Horz Entomologics, 2 vols. London, 1819.

Meigen, F. IF. Systematische Beschreibung der bek europliischen zweiflg-
geligen Insecten. 7 vols. Aachen and Hamm, 1818-1835. (Although this work
contains only European species, many of them are common to both continents.)

Say, T. American Entomology. 3 vols. With plates. Philadelphia, 1834, 385, 28.

. Complete Writings on the Entomology of North America, edited by J. L.
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.
ExtoMorogicaL JourNaL. Every collector should keep a
daily journal of his captures and observations, noting down
every fact and hint that falls under his notice. In this book,
commenced as soon as the season opens in early spring, can
be placed on record the earliest appearance, the time of great-
est abundance, and the disappearance of every insect in any of
its stages. Also the descriptions of larve, with sketches, and
observations upon their habits; though drawings had better
be kept upon separate picces of paper for easier reference.
The insects, when captured and unnamed should be numbered
to agree with corresponding numbers in the note-book. At
the close of the season one will be surprised to see how much
material of this kind has accumulated. Ie can then make a
calendar of appearances of perfect insects and larvee, so as
to have the work of the next season portioned out to him;
he will thus know when and where to look for any particular
insect or caterpillar.

Tue NuMBER OoF SPECIES OF INsEcTs. Oswald Heer estimates
that the Insects comprise four-fifths of the whole
dom. While there are about 55,000 species of an
excluding the Insects, the number of this lasi
amounts to upwards of 190,000 known species,
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Gerstaecker’s estimate. He reckons that there are at least
25,000 species of Hymenoptera, from 22,000 to 24,000 Lepidop-
tera, about 24,000 Diptera, and 90,000 Coleoptera ; the number
of the other suborders cannot be easily estimated. Besides
these there are about 4,600 Arachnida, and 800 Myriopods.

GROUPING OF INSECTS INTO ORDERS AND SUBORDERS. Be-
fore beginning an account of the Six-footed Insects, we
present the following tabular view of the Classification of In-
sects. The idea that the Myriopods, Spiders, and Six-footed
Insects formed orders and not classes was first proposed by R.
Leuckart in 1848, and afterwards supported by Agassiz and
Dana. The arrangements proposed by these and other authors
are put in tabular form on page 106.

THE CLAsS oF JRENRS. c\t"}",,ﬂs
Order 1. —Scgments grouped into three distinct re- a‘
glons; eyes compound and simple; two pairs of | HEXAPODA
wings;* three pairs of thoracic legs; one pair of »(Six-footed In-

jointed abdominal appendages. A more or less sects).

complete metamorphosis, . . . . .
Order II. —Segments grouped into two regions, a)

false cephalothorax t and anabdomen ; no antenng;

eyes simple; wingless; four pairs of thoracic legs;; A('é‘“ig‘:';;‘
three pairs of jointed abdominal appendages (spin- P .
nerets) often present.  No inetamorphosis, .

Order I111. — Body cylindrical, worm-like. Segments
not grouped into regions. Head frce; eves sim-
ple; antennee present; wingless; nm’nerous ab- (g‘m;;?‘;g:)

dominnl legs present; yelk-sac present for a
short period after hatching. No metamorphosis.

Tur OrRDER OF SIX-FOOTED INsecTs} (Hexapoda).

Metabola. The hody usually cylindrical; prothorax )
small; mouth-parts more generally haustellate | HYMENOPTERA.
(formed for sucking) ; metamorphosis complete; % LEPIDOPTERA,
pupa inactive; larva usually cylindrical, very | DiPTEXRA.
unlike the adult, . . . . . .

Heterometabola. The body usually flattened; pro-

thorax large and squarish; mouth-parts usually ﬁg&:gzﬁf"
adapted for biting; metamorphosis in a large ORTHOPTERA
number incomplete; pupa often inactive; larva NI-‘CROP'I'I:ZRA:

flattened, often resembling the adult, . .

*The number of wingless forms is comparatively few. The Diptera have bat
one pair.

t The so-called * cephalothorax” of Spiders is not like that region in the Crabs,
the head being much freer froin the thorax.

1 Leuckart's classification is an advance on others in his considering the Hexa-
poda, Arachnida, and Myriapoda as orders instead of classes, but he says nothing
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The following diagram shows, in a rude way, the relative
rank and affinities of the seven suborders, and of the two
series of Six-footed Insects.

£
=
=
Q
2
-
=
=
<]
8
£
AR
=
Neuroptera.

Through Lepisma, and Podura which are wingless Neuropter-
ous insects, the lower series is connected with the Myriopods,
the minute degraded myriopod, Pauropus of Lubbock, per-
haps forming the connecting link; and through the wingless
flies, Braula, Chionea, and Nycteribia, the Diptera, belonging
to the higher series, assume the form of the Spiders, the head
being small, and sunken into the thorax, while the legs are
long and slender. The first and highest series culminates in
Apis, the Honey-bee ; and the second, or lower, in Clicindela,
the Tiger-beetle.

reganding the rank and value of the minor groups. Professor Agassiz extended
Leuckart’s views in considering the seven grand divisions of the onder of Hexapods
as suborucrs. In 1363 (How to Observe and Collect Insects, Maine Scientitic Sur-
vey, and Synthetic Types of Insects, Boston Journal of Natnral History), we
propo-ed a new claseification of these subovders, by which they are thrown into
two main groups headed by the Hymenoptera and Coleopte.a respectively. These
two groups, as represented in the dingram, are nearly equivalent in value, and
stand in a somewhat parallel relation. There is nothing like a linear series in the
animal kingdom, bus it is like a tree. The higher series of suborders form more
of a linear scries than the lower series, 8o that in the diagram the Neuroptera,
Orthoptera, Hemiptera, and Coleoptera form a more broken series than the Hy-

ptera, Lepidoptera, and Diptera. A Bee, Butterfly, and House-fly are much
more closely ullied to each other than a Beetle, a Squash-bug, a Grasshopper,
and a Dragon-fly are among themselves. The Neuroptera are the most indepen-
dent, and stand at the bottom of and between the two series, though by the Orthop-
tera they are very intimately linked with the Hemipters and Coleoptera.
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HYMENOPTERA.

Tue Bees, Wasps, Saw-flies, Ants, and other members of this
suborder differ from all other insects in having, in the higher and
more typical forms, the basal joint of the abdomen thrown for-
ward upon and intimately united with the thorax. The head
is large, with large compound eyes, and three ocelli. The
mouth-parts are well developed both for biting, and feeding on
the sweets of plants, the ligula especially, used in lapping
nectar, being greatly developed. The other regions of the
body are more distinct than in other insects; the wings are
small but powerful, with cémpamtively' few and somewhat
irregular veins, adapted for powerful and long-sustained flights ;
and the genital appendages retracted, except in the Ichneu-
mon parasites and Saw-flies, within the body, are in the female
modified into a sting. .

The transformations of this suborder are the most ‘complete
of all insects; the larvee in their general form are more unlike
the adult insects-than in any other suborder, while the pupe,
on the other hand, most elearly approximate to the imago.
The larve are short; cylindrical, footless (excepting the young
of the Saw-flies, the lowest family, which are provided with
abdominal legs like Lepidopterous larvese), worm-like grubs,
which are helpless, and have to be fed by the prevision of the
parent. The pupa has the limbs free, and is generally contained
in a thin silken cocoon; that of tlie Saw-flies, however, being
thick. .

The Hymenoptera exhibit, according to Professor Dana, the

-normal size of the insect-type. ¢ This archetypic size is be-

NoOTE to page 106. —Ray divided the Hexapods into Coleoptera and Aneloptera,
the latter division embracing all the other suborders except the Coleoptera. His
Ametamorphota Hezapodn contained the wingless hexapoda; while the Ametamor-
Phota polypoda comprise the Myriopods, and the 4. octopoda the Arachnid Lin-
Brus’ Aptera (with numerous feet) are equivalent to the Myriopods, and his Aptera
(with 8-14 foet) to the Arachnids. In Fabricius’ system the Eleutherata are equiva~

lent to the Coleoptera; the Ulonata to the Orthoptera; the Synistata to the Neurop-

- tern; the liezata to the Hymenoptera; the Odonata to the Libellulitlze ; the Glossata

to the Lepidoptera; the Rhyugota to the Hemiptera; the Antliata to the Diptera.
The Mitosata are the Myriopods, and the Unogata, the Arnchnids. In Latreille’s
system the Suctoria, or Fleas, are now referred to the Diptera; the Parasita or
Lice, to the Hemiptera, and the 7'hysanura to the Neuroptera.
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tween eight and twelve lines (or twelfths of an inch) in length,
and two and a half and three lines in breadth.” This size is
probably a smaller average than in any other suborder ; thus the
Hymenoptera while being the most cephalized, consequently
comprise the most compactly moulded insectean forms.

Besides these structural characters, as animals, endowed
with instincts and a kind of reason differing, perhaps, only in
degree from that of man, these insects outrank all other Articu-
lates. In the unusual differentiation of the individual into males
and females, and, generally sterile workers, with a farther dimor-
phism of these three sexual forms, such as Huber has noticed
in the Humble-bee, and a consequent subdivision of labor
among them ; in dwelling in large colonies, thus involving new
and intricate relations with other insects (such as Aphides,
ant-hill-inhabiting beetles, and the peculiar bee-parasites) ;
their wonderful instincts, their living principally on the sweets
and pollen of flowers, and not being essentially carnivorous
(i.e. seizing their prey like the Tiger-beetle) in their hebits, as
are a large proportion of the other suborders, with the exception
of Lepidoptera ; and in their relation to man as a domestic an-
imal, subservient to his wants,—the Bees, and Hymenoptera
in general, possess a combination of characters which are not
found existing in any other suborder of insects, and which
rank them first and highest in the insect series.

The body-wall of the Hymenoptera is unusually dense and
hard, smooth and highly polished, and either naked, or covered
with hair as in a large proportion of the bees. The head is
large, not much smaller than the thorax, and its front is verti-
cal. The antenna are short, filiform, often geniculate, very
rarely pectinated. The mandibles are large, stout, toothed, and
the maxille are well developed into their three subdivisions,
the palpi being usually six-jointed ; the labial palpi are usually
four-jointed, and the prolongation of the under lip, or ligula,
is highly developed, being furnished with a secondary pair
of palpi, the paraglossee, while in the pollen-gathering species
the ligula is of great length, and thus answers much the same
purpose as the spiral tongue (maxilla) of the Lepidoptera.

Réaumur states that the Bee does not suck up the liquid
sweets, but laps them up with its long slender hairy tongue.

-
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sEven in the drop of honey the bee bends the end of its
tongue about, and lengthens and shortens it successively, and,
indeed, withdraws it from moment to moment.” The liquid
passes along the upper surface of the pilose tongue, which is
withdrawn between its sheaths, the palpi and maxillie, and thus
*‘conveys and deposits the liquid with which it is charged
within a sort of channel, formed by the upper surface of the

. tongue and the sheaths which fold over it, by which the liquid
is conveyed to the mouth.” (Shuckard.)

The thorax forms a rounded compact oval mass, with the
prothorax and metathorax very small, the mesothorax being
large, and also the propodeum, to which the pedicel of the ab-
domen is attached. The pleurites are large and bulging,
while the sternum is minute. The cox@ and trochantines are
large, and quite free from the thorax; and the trochanters
are small, while the rather slender legs are subject to great
modifications, as they are devoted to so many different uses
by these insects; thus, in the Sand-wasps they are strongly
bristled for the purpose of digging, and in the Bees, the
basal joint of the tarsi is much enlarged for carrying pollen.

¢ The manner in which the bee conveys either the pollen, or
other material it purposes carrying home, to the posterior
legs, or venter, which is to bear it, is very curious. The
rapidity of the motion of its legs is then very great; so great,
indeed, as to make it very difficult to follow them; but it
seems first to collect its material gradually with its mandibles,
from which the anterior tarsi gather it, and that on each side
passes successively the grains of which it consists to the inter-
mediate legs, by multiplicated scrapings and twistings of the
limbs ; this, then, passes it on by similar manceuvres, and de-
posits it, according to the nature of the bee, upon the pos-
terior tibize and tarsi, or upon the under side of.the abdomen.
The evidence of this process is speedily manifested by the pos-
terior legs gradually exhibiting an increasing pellet of pollen.
Thus, for this purpose, all the legs of the bees are more or less
covered with hair. It is the mandibles which are chiefly used
in their boring or excavating operations, applying their hands,
or anterior tarsi, only to clear their way; but by the construc-
tive, or artisan bees, they are used both in their building and

L_...._..-‘_
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mining operations, and are worked like trowels to collect moist
clay, and to apply it to the masonry of their habitations.”
(Shuckard.)

The four wings are present, except in rare instances. They
are small; the hinder pair long, narrow, ovate, lanceolate.
The costal edge of the fore-wing.(Fig. 29), is generally
straight, becoming a little curved towards the ,apex, which
is obtusely subrectangular; the outer edge is bent at right
angles, while the inner edge of the wing is long and straight.
The veins are often difiicult to trace, as in the outer half of the
wjng they break up into a system of net-veins, which are few
in number, yet the continuations of the subcostal, median, and
submedian veins can be distinguished after careful study.

In some low Ichneumonide, the Proctotrupide, and
Chalcidide, the veins show a tendency to become obsolete,
only the simple subcostal vein remaining; and in Pteratomus,
the veins are entirely obliterated, and the linear feather-like
wings are in one pair fissured, reminding us of the Plume-
moths, Pterophorus.

The abdomen is composed in the larva state of ten gegments,
but in the adult stinging Hymenoptera, of six complete seg-
ments in the females, and seven in the males; while in the
lower families the number varies, having in the Tenthredi-
nide, eight tergites on the upper side and six sternites on the
lower side. The remaining segments are, during the transfor-
mations of the insect, aborted and withdrawn within the body.
The ovipositor and corresponding ‘parts in the male have
been described on pp. 14-18.

The nervous system consists in the larvee of eleven ganglia,
in the adult five or six of these remain as abdominal ganglia,
while the remainder, excluding the cephalic ganglia, are placed
in two groups in the thorax. The cerebral ganglia are well
developed, evincing the high intellectual qualities necessary in
presiding over organs with such different uses as the simple
and compound eyes, the antenns, and lingua and palpi, and
mandibles, especially in those sociable species which build
complete nests.

The digestive system, in those bees which sip up their food,
consists, besides the external mouth-parts, of a ‘“long cesoph-
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agus which dilates into a thin-walled sucking stomach,” which
in the Apiaric and Vespide may be simply a lateral fold,
or, as in many Crabronidce, *attached solely by a short and
narrow peduncle.” In Formica, Cynips, Leucospis, and Xyphid-
ria there is a globular uncurved callous gizzard, which is en-
veloped by the base of the stomach, according to Siebold, who
also states that ¢ those Hymenoptera which are engaged during
a long and active life in labors for the raising and support of
their young, have a pretty long and flexuous stomach and in-
testine, and the first has, usually, many constrictions;” while
the Cynipide, Ichneumonide, and Tenthredinide,
which take no care of their young, have only a short small
stomach and intestine. The salivary glands consist of two
rather short ramified tufts, often contained entirely in the head.

The traches consist, as in other insects, of two main branches,
from which numerous transverse anastomosing branches are
given off, with numerous vesicular dilatations. Two such vesi-
cles of immense volume are situated at the base of the abdo-
men, which according to Hunter and Newport ‘‘serve chiefly
to enable the insect to alter its specific gravity at pleasure dur-
ing flight, and thus diminish the muscular exertion required
during these movements.” ’

The urinary vessels are very numerous in the Hymenoptera ;
they are usually short and surround the pylorus in numbers of
from twenty to one hundred and fifty.

The two poison glands (Fig. 54, h,g) are composed of long
ramose tubes, resembling the salivary glands in their minute
structure. The poison is poured from these into a pyriform
sac lodged near the base of the sting, which is provided with a
peculiar muscular apparatus for its sudden extension and with-
drawal. The poison, in the Ants, Bees, and Wasps, consists,
according to Will, of ¢ formic acid, and a whitish, fatty, sharp
residuum, the former being the poisonous substance.” (Bur-
nett.)

The wax-secreting apparatus consists of special dermal
glands, as Milne-Edwards supposed. Claus has shown (see
Gegenbaur's Verg. Anatomie) that thesz minute glands are
mostly unicellular, the external opening being through a fine
chitinous tube on the outer surface of the integument. In the
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wax-producing insects these glands are developed in great
numbers over certain portions of the body. In the Aphides,
whose bodies are covered with a powder consisting of fine waxy
threads, these glands are collected in groups. odifications of
them appear in the Coccide. In the wax-producing Hymen-
optera the apparatus is somewhat complicated. The bees
secrete wax in thin, transparent, membranous plates on the
under side of the abdominal segments. Polygonal areas are
formed by the openings of an extraordinarily large number of
fine pore-canals, in which, surrounded by very numerous tra-
cheal branches, the cylindrical gland-cells are densely piled
upon each other. These form the wax organs, over which a
fatty layer spreads. In those bees which do not produce wax,
the glands of the wax organs are slightly developed. Wax
organs also occur in the Humble bees.

The honey is elaborated by an unknown chemical process,
from the food contained in the proventriculus, or crop, and
which is regurgitated into the honey-cells.

The ovaries consist of many-chambered, four, six, or a hun-
dred, short tubes. “The receptacula seminis is nearly always
simple, round or ovoid, and necked, and is prolonged into a
usually short seminal duct.” The glundula appendicularis con-
sists of a bifurcate tube which opens into the ductus seminalis,
and only rarely into the capsula seminalis itself.

In the Tenthredinide, ‘this apparatus is formed on a
different type ; the seminal vesicle is a simple diverticulum of
the vagina, and more or less distinct from it, besides it is defi-
cient in the accessory gland. The copulatory pouch is absent in
all the Hymenoptera, as are also the sebaccous glands with those
females which have a sting and a poison gland,” while in other
insects the scbaceous glands are present, and it would be nat-
urally inferred, therefore, that the two are homologous, but
modified for diverse functions.

The two testes of the male are ¢ composed of long follicles,
fasciculate and surrounded, together with a portion of the
torose deferent canal, by a common envelope; but more com-
monly the two testes are contained in a capsule situated on the
median line of the body.” (Siebold.)

The eggs are usually long, cylindrical, and slightly curved in
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the Bees ; in the Wasps they are more globular, and affixed by
their smaller somewhat pedicelled end to the side, near the bot-
tom of the cell in which they are laid. The eggs of the lower
families tend to assume a spherical form. The eggs of dif-
erent species of Bombus present no appreciable differences.

The larvee of the Bees and Wasps, especially the social
species, which live surrounded by their food, are of a very
persistent form, the various genera differing but slightly, while
the species can scarcely be separated. Such we have found to
be the case in the Bees and Wasps (Vespide) and Fossorial
Wasps. The sexes of the species with a very thin tegument,
such as Adpis, Bombus, and Vespa, can be quite easily distin-
guished, as the rudiments of the genital armor can be seen
through.

The Hymenoptera are mostly confined to the warmer and
temperate regions of the earth; as we approach the poles, the
Bees disappear, with the exception of Bombus, and perhaps
its parasite Apathus; a species of Vespa is found on the Lab-
rador coast, which has a climate like that of Greenland. No
fossorial species of Wasps are known to us to occur in the arc-
tic regions, while a few species of Ants, and several Chalcidi-
de and Ichneumonide are not uncommon in Northern
Labrador and Greenland. Our alpine summits, particularly
that of Mt. Washington, reproduces the features of Northern
Labrador and Greenland as regards its Hymenopterous fauna.
The tropics are, however, the home of the Hymenoptera, and
especially of the Bees.

There are estimated to be about twenty-five thousand living
species of this suborder, and this is probably a much smaller
number than are yet to be discovered.

In geological history, the Hymenoptera do not date far back
compared with the Neuroptera and Orthoptera, and even the
Coleoptera. Indeed they were among the last to appear upon
the earth’s surface. The lower forms, so far as the scanty
records show, appeared first in the Jura formation; the Ants
appear in the Tertiary period, especially in amber.

As we have noticed before, the Hymenoptera are more purely
terrestrial than any other insects. None are known to be
aquatic in the early stages, and only two genera have been found

8
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swimming in the adult state on the surface of pools, and they
are the low, minute, degraded IProctotrupids, Prestwichia
natans and Polynema natans described by Mr. Lubbock. The
Hymenoptera do not imitate or mimic the forms of other in-
sects, but, on the contrary, their forms are extensively copied in
the Lepidoptera, and especially the Diptera. A partial excep-
~ tion to this law is secn in the antennwe of the Australian genus
Thaumatosoma, where they are long and slender, and knobbed
as in the butterfly, and also in Tetralonia mirabilis of Smith,
from Brazil.

The Hymenoptera, also, show their superiority to all other in-
sects in the form of their degraded wingless species, such as
Pezomachus, the workers of Formica and the female of Mutilla.
In these forms we have no striking resemblances to lower orders
and suborders, but a strong adherence to their own Hymenop-
terous characters. Again; in the degradational winged forms,
we rarely find the antennze pectinated ; a common occurrence
in the lower suborders. In a low species of the Apiarie,
Lamprocolletes cladocerus, from Australia,—that land of anom-
alies,—the antennwe are pectinated. This, Mr. F. Smith, the
best living authority on this suborder, says, ‘‘is certainly the
most remarkable bee that I have seen, and the only in-
stance, to my knowledge, of a bee having pectinated antenns ;
such an occurrence, indeed, in the Aculeate Hymenoptera is
only known in two or three instances, as in Psammotherma flab-
ellata amongst the Mutillidce, and again in Ctenocerus Klugii
in the Pompilidce ; there is also a modification of it in one or
two other species of Pompilide.” Among the Tenthre-
dinide, the male Lophyrus has well-pectinated antenne, as
also has Cladomacra macropus of Smith, from New Guinea
and Celebes.

The wings of perhaps the most degraded Hymenoptera, the
Proctotrupide, are rarely fissured ; when this occurs, as in
Preratomus Putnamii, they somewhat resemble those of Ptero-
phorus, the lowest moth. It is extremely rare that the com-
pound eyes are replaced by stemmata, or simple eyes; in but
one instance, the genus Anthophorabia, are the eyes in the
male sex reduced to a simple ocellus. This species lives in the
darkness of the cells of Anthophora.
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By reason of the permanence of the type, due to the high
rank of these insects, the generic and specific characters are
founded on very slight differences, so that these insects, and
particularly the two higher families, the Wasps ( Vespide) and
Bees (Apiarie) are the most difficult insects to study. The
easiest characters for the recognition of the genera, lie in the
venation of the wings ; though in the fossorial families the legs
vary greatly. The best specific characters lie in the sculptur-
ing and style of coloration, but the spots and markings are apt
to vary greatly. The great differences between the sexes are
liable to mislead the student, and hence large collections are
indispensable for their proper study. Bees act as: ‘‘marriage
priests” in the fertilization of plants, conveying pollen from
flower to flower, and thus insuring the formation of the fruit.
It is said that many plants could not be fertilized without
the interposition of Bees.

Their interesting habits deserve long and patient study; it
is for their observations on the insects of this suborder that the
names of Réaumur, the two Hubers, and Latreille will be ever
held in special remembrance.

Most Hymenoptera love the sun, and they may be caught
while flying about flowers. The nests of bees, wasps, and ants
should be sought for and the entire colony captured, together
with the parasites. The hairy species should be pinned while in
the net, and the naked ones can be put in the collecting-bot-
tle. The larger species may be pinned, like other insects,
through the thorax; but the minute Chalcids, etc., should be
gummed, like small Coleoptera, upon cards.

The nests of bees and of wasps and ants and the young in
various stages of growth should be collected, and in such num-
bers as to show their different stages of construction, to serve
as illustrations of insect architecture.

Ar1ariz Latreille (Apide Leach). This and those families
succeeding which are provided with a true sting, were called
by Latreille Hymenoptera Aculeata. The male antennse are
mostly thirteen-jointed, while in the female they are twelve-
jointed. The females (and the workers, when they exist)
feed the larvee, which mostly live in nests or cells.
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In the social Bees, besides the normal male and female forms,
there are asexual females, whose inner genital organs are partly
aborted, though externally only differing in their smaller size
from the true females. The male antennse are longer, tapering
more towards the tips, and the eyes of the male approach each
other closer over the vertex than in the opposite sex, though
these are characters which apply to other Hymenoptera. The
mouth-parts are in the higher genera greatly elongated, the
labium being long, with the lingua of great length, and the
lobes of the maxille long and knife-shaped ; but these parts, as
well as the form of the jaws, are subject to great modifications
in the different genera: the labial palpi are four-jointed, and
the macxillary palpi are from one to six-jointed. The hind
tibia and basal joint of the tarsi are, in the pollen-gathering
species, very broad ; the tibia is in Apis and Bombus hollowed
on the outside, and stiff bristles project over the cavity from
each side of the joint, forming the honey-basket (corbiculum),
on which the ¢clodden masses of honey and pollen” are con-
veyed to their nests. In the parasitic genera, such as Aputhus,
the tibia is, on the contrary, convex, rather than concave,
though of the usual width; while in Nomada, also parasitic,
the legs are narrow, the tibia not being dilated.

In .Andrena and its allies, Halictus and Colletes, the mouth-
parts, especially the tongue, are much shortened, thus afford-
ing a passage into the Vespide. In these genera the tongue
is folded back but once between the horny encasement of the
maxille, but in the higher Apiarice the part formed by the
union of the lingua and maxilla is twice bent back, and thus
protected by the horny lobes of the maxillee. The fore-wings
have two or three subcostal (cubital) cells.

There are two thousand species of this family. The differ-
ences between the larvee of the various genera of this family
are very slight, those of the parasitic species are, however,
readily distinguished from their hosts.

The higher Apiarice, comprising the subfamily Apine, have
the ligula long, cylindrical, while the labial palpi have two
very long, slender, compressed basal joints, and two short
terminal joints.

The genus Apis has no terminal spurs on the hind tibis,
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while the fore-wings have three subcostal (cubital) cells, the
middle of which is elongated and acutely wedge-shaped. The
eyes in the male are united above; the mouth-parts are nearly
aborted, and the hind legs are smooth. In the female there
are two paraglosse on the ligula, and the maxillary palpi
are one-jointed. The worker only differs externally from the
female in the shorter abdomen. .

The larva of the Honey-bee closely resembles that of Bom-
bus, but the body is shorter, broader, and more flattened, while
the head is less prominent, and the lateral tubercles along the
body are, perhaps, less prominent than in the young Humble-
bee, otherwise the two genera are, in the larval state, much
alike. In its natural position, the larva lies at the bottom of
the cell doubled upon itself.

Though the larvae are said usually to feed upon pollen,
Mr. Desborough states that honey alone is the food of the
grub, as he reared 729 larvee with no other food than honey.
But as with the wild bees they may extract honey from the
pollen provided for them. He says the matured bees may be
observed feeding at night on the bee-bread (pollen). Lang-
stroth (The Hive and Honey-bee), however, states that ¢ pol-
len is indispensable to the nourishment of the young. It is
very rich in the nitrogenous substances which are not contained
in the honey.”

The Honey-bee, Apis mellifica, is now distributed over the
civilized world. It was introduced into this country during
the seventeenth century, and into South America in 1845 (Ger-
steecker). The Italian, or Ligurian, bee is considered by F.
Smith as being a climatic variety.

The cultivation of the Honey-bee is rapidly increasing in this
country, but the German Bee-masters have made the most pro-
gress in theoretical and practical Bee-culture. Convenient
hives are now constructed by which all the operations of the
bees can be observed at leisure. Gerstecker thus sums up
the habits of the Honey-bee: A fertilized queen which, with a
few workers, has wintered over, lays its eggs in the spring first
in the worker, and afterwards, at a later period, in the drone-
cells (both arranged in two perpendicular rows of cells). Early
in summer, the workers construct the larger flask-shaped queen-
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cells, which are placed on the edge of the comb, and in these
the queen-larvee are fed with rich and choice nourishment.
As soon as the first of the new brood of queens is excluded
from its cell, which it indicates by a peculiar buzzing noise, the
old queen deserts the nest, carrying away with her a part of the
swarm, and thus forms a new colony. The recently excluded
queen then takes its marriage flight’ high in the air with a
drone, and on its return undertakes the management of the
hive, and the duty of laying eggs. When another queen is
disclosed, the same process of forming a new colony goes on.
When the supply of young queens is exhausted, the workers
fall upon the drones and destroy them without mercy. The
first brood of workers live about six weeks in summer, and
then give way to a new brood. Mr. J. G. Desborough states
that the maximum period of the life of a worker is eight months.
The gueens are known to live five years, and during their whole
life lay more than a million eggs (V. Berlepsch). ILangstroth
states that ‘‘during the height of the breeding season, she
will often, under favorable circumstances, lay from 2,000 to
3,000 eggs a day.” According to Von Sicbold’s discovery
only the queens’ and workers’ eggs are fertilized by sperm-
cells stored in the receptactlum seminis, and these she can
fertilize at will, retaining the power for four or five years,
as the muscles guarding the duct leading from this sperm-bag
are subject to her will. Drone eggs are laid by unfertilized
queen-bees, and in some cases even by worker-bees. This last
fact has been confirmed by the more recent observations of
Mr. Tegetmeier, of London.

Principal Leitch, according to Tegetmeier, has suggested the
theory that a torker egg may develop a queen, if transferred
into a queen-cell. It is well known that bees, deprived of
their queen, sclect several worker-egas, or very young larve,
for the purpose of rearing queens. The cells in which these
eggs are situated are lengthened out and the end turned down-
ward.” He suggests that the development into a queen was
caused by the increased temperature of the queen-cell, above
that of the worker-cells.

But Messrs. F. Smith and Woodbury (Proceedings of the
Entomological Socicety of London, January 2, 1862) support F.
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Huber’s theory, that the change is due to ¢the quality as well
as quantity of food with which the royal larva is supplied,”
though Dr. Leitch objects, that it has been by no means con-
clusively proved ¢ that the so-called royal jelly differs in any
respect from the ordinary food supplied to the worker larva;”
and Mr. Woodbury cites the experiments of Dzierzon, as
quoted by Kleine, ¢that as Huber, by mtroducmg some royal
jelly in cells containing worker-brood, obtained queens, it may
be possible to induce bees to construct royal cells, when the
Apiarian prefers to have them, by inserting a small portion of
royal jelly in cells containing worker-larvee.” Kleine takes *“an
unsealed royal cell—which usually contains an excess of
royal jelly—and removes from it a portion of the jelly, on
the point of a knife or pen, and by placing it on the inner
margin of any worker cell, feels confident that the larvee in
them will be reared as queens.”

Before these points are settled we must study the habifs of
the Wild Bees, and of the other social Hymenoptera and White
Ants, together with the social Aphides more carefully. Mr. F.
W. Putnam pertinently states, ‘“at present I cannot believe
that the peculiarity of food, or the structure of the cells, pro-
duces a difference of development in Humble-bees, for the lar-
vie, as has been previously stated, were scen to make their own
cells from the pollen paste. Is it not more natural to believe,
as has been suggested to me by Professor J. Wyman, that the
difference in the development of the eggs is owing to their be-
ing laid at various times after impregnation? Thus, if I am
right in supposing that the queens are impregnated by the
males late in the summer, the eggs, laid soon after, produce
the large queen larvae ; * the next set of eggs, laid in the spring,
produce the workers, or undeveloped females, while from those
deposited still later, male bees are principally developed.”
(Proceedings of the Essex Institute, Salem, vol. iv, 1864, p.
103.)

Referring to Mr. Putnam’s statement that there are both small
and large queens (besides the workers), Dr. Gerstecker infers,

® Dr. Gerstaecker, on the other hand, states that ‘‘ from the brood-cells of a nest
of Bombus muscorum, found by him on the 18th of September, there were devel-
oped at the end of the same month only workers.”

.
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‘‘from the examination of numerous individuals found flying in
the spring after hibernation, that these could not be considered
as true queens, since their ovaries were only moderately devel-
oped, though larger than those of the workers, while in the
true queen, captured in the summer, the ovaries were perfectly
developed. This corresponds almost entirely to what we find
in the waspé, whose spring females have only moderately de-
veloped ovaries.”

How the Honey-bee builds its cells, and whether they are ex-
actly hexagonal, are questions that have interested the best
observers from Maraldi who wrote in 1712, and Réaumur,
whose Memoires appeared in 1740, down to the present date.
Their solution involves not only the closest observation of the
insect while at-+work, but also the shrewdest judgment to ex-
plain the facts observed and deduce a legitimate theory. Does
the bee intelligently plan her work out beforchand, or does she
follow the guidance of what is called tnstinct? Does she
construct hexagonal cells which are mathematically exact,
or does she vary the proportions of each cell, so that it is per-
fect only in its general ideal form? Again, in making the cell,
is the bee actually capable of making such a cell alone, or is it
due to the resultant action of several bees? Professor J. Wy-
man is of the latter opinion, as he thinks * that if left alone to
build a single cell, this would most probably be round. In the
cells of Melipona, as Huber’s plate shows, they are only hex-
agonal when in contact with the adjoining cells.” (Proceed-
ings of the Boston Society of Natural History, x, p. 278,
1866.)

A similar view is that proposed in 1862 by the Rev. Samuel
Haughton, in a paper read before the Natural History Society
of Dublin, where he says, according to Mr. F. Smith, that the
hexagonal form of the cell ‘“ may be accounted for simply by the
mechanical pressure of the insects against each other during
the formation of the cell. In consequence of the instinct that
compels them to work with reference to a plane, and of the
cylindrical form of the insect’s body, the cells must be hex-
agonal.”

Mr. G. R. Waterhouse (Transactions of the Entomological
Society of London. Third series, vol. ii, p. 129, 1864) has
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proposed what has been called the ¢ circular theory,” or what
the author himself terms ‘the principle of working in seg-
ments of circles.” He contends ‘that the hexagonal form of the
cells of certain bees and wasps may, and does, arise out of this
mode of action when under certain conditions ; that those condi-
tions are, that the cells are so commenced that their natural cir-
cumferences, as the work proceeds, are either simply brought
into contact with each other, or that the cells are so placed that
the (we will say theoretical) circumferences must intersect.
Contact with adjoining cells, then, is an essential condition to
bring about the hexagonal form as I have before pointed out
(See Proceedings of the Entomological Society, 1858, p. 17) ;
but for this result it is not necessary that a hexagonal cell
should be completely surrounded by other cells.”

Is not this theory, after all, too mechanical? Is not our bee
more of a free agent? Does it not have a mind to design its
work? Mr. F. Smith, who has devoted years to the study of
Hymenoptera, especially the higher forms of this suborder, the
Bees and Wasps, replies to both theories of Waterhouse and
Haughton, by bringing in the case of the Wasps which also
build hexagonal cells, showing that a solitary wasp will build
its cells in very regular hexagons. Thus the nest of the soli-
tary Wasp, Icaria guttatipennis, * consists of a double row, the
number of cells being ten; I now direct your attention to the
fact that all the cells are perfectly hexagonal, the exterior
planes being as beautifully finished as those in contact with
the inner planes of the opposing cells. I have placed a draw-
ing of this nest (Plate 5, Fig. 7) in the box on the table, and I
particularly wish you to observe, that the first cell is carried
up in a perfectly hexagonal form above the adjoining cells; a
proof that, if Wasps never build perfect isolated hexagonal cells,
they certainly possess the capability of doing so. The exterior
of all the cells, as I before observed, is hexagonal, not cylindri-
cal, until fresh cells are added on the outer side, as was ob-
served to be the case in combs of the Hive-bee, by Mr.
Tegetmeier.” (Proceedings of the Entomological Society of
London. Third series, ii, 1864, p. 135.)

An examination of the cells of three species of Polistes (the
female of which begins alone in the spring to build her nest,
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the cells of which are afterwards greatly increased in number
after the first brood of females appear), convinced us that
the Wasp begins with the circular cup-shaped form of cell, and
when about depositing an egg in it, changes her mode of ope-
rating, builds up the edges into a hexagonal form, and carries
up the rim of each cell independently to its required height.
She thus apparently changes her plan at a certain stage of the
work, and is so far a free agent.

Mr. Smith also exhibited a portion of the nest of another
wasp, Tatua Morio (Plate 5, Fig. 9), that proved to his mind
the primai'y intention of the wasp instinctively to build cells
with exactly six sides. The figure represents part of one of
the flat floors, on which the foundations of the cells'are laid in
regular hexagons, instead of beginning in hemispherical cups.

Mr. Smith (p. 141) concludes, ‘‘that all hexagonal cells are
not constructed upon a circular principle, and that the primary
idea of all social bees and wasps is not to produce cylindrical
cells with hemispherical bases.”

In this connection the following extract from Mr. Smith’s
remarks is of interest: ‘It may not be known that in order to
expedite the building of honey-combs, it is a common practice
with bee-keepers in Germany to furnish hives with artificial
foundations for the cells ; these consist of sheets of wax, upon
which is impressed a series of pyramidal hollows; in fact, the
counterpart of a comb built by the bees themsclves, entirely
deprived of the cell-walls; and it is from such a picce of comb
that the casts for the artificial foundations are obtained. A
piece of casting of this description I lay before you, and I par-
ticularly call your attention (addressing the members of the
Entomological Socicty of London) to the commencement of the
outer cells; you will see, in some instances, a single plane of
the hexagonal cell commenced, in others two or three are in
progress ; here you have a ground-plan supplied, or, I may say,
the feundations of the habitations ready prepared, upon which
the laborers are to raise the walls, and you may sce how admi-
rably they have done it. TInstinct enables the bee to construct
hexagonal cells without teaching, and, we are told, in one un-
deviating manner. Surely the example before us exhibits an
amount of intelligence on the part of the bees in availing them-
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selves of such adventitious aid. Must we not henceforth,
when speaking of the marvels of the hive or the vespiary, erase
from our vocabulary such terms as blind instinct ; and must we
not cease to stigmatize the bee as a mere machine?”

At the meeting of the same society held Feb. 1, 1864, Mr.
F. Smith exhibited a collection of Wasps’ nests,—one of Vespa
rufa, the rest of V. vulgaris; they were in various stages of
formation, the earliest consisting of only a single cup contain-
ing the first egg, others consisting of three or four cups, whilst
others again were more complete. The whole had been arti-
ficially obtained by Mr. Stone, who tempted the wasps to build
by excavating holes in banks and furnishing them with foot-
stalks ; in fact, Mr. Stone appeared to possess the power of
inducing wasps to build nests of almost any shape he
pleased.

But to return to the cell of the Bee. It should first be
proved that the cells are not exactly and mathematically per-
fect hexagons, though sufficiently so for the purpose for which
they are used. In the Proceedings of the American Academy
of Arts and Sciences, vol. vii, 1866, Professor Wyman has, by
a most careful as well as novel and ingenious mode of investiga-
tion, proved that the cells are all more or less imperfect, and
that a hexagonal cell mathematically exact, does not exist in
nature, but only in theory.

The form of the cell is liable to marked variations, chief
among which the following may be mentioned, in the author’s
own words :

*“1. The diameters of workers’ cells may so vary, that ten
of them may have an aggregate deviation from the normal
quantity equal to the diameter of a cell. The average varia-
tion is a little less than one half that amount, namely, nearly
0.10 inch, in the same number of cells.

¢¢2. The width of the sides varies, and this generally in-
volves a variation of the angles which adjoining sides make
with each other, since the sides vary not only in length but in
direction. .

*¢8. The variation in the diameters does not depend upon
accidental distortion, but upon the manner in which the cell
was built.
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¢4, The relative size of the rhombic faces of the pyramidal
base is liable to frequent variation, and this where the cells are
not transitional from one kind to another.

¢*5. When a fourth side exists in the basal pyramid, it may
be in consequence of irregularity in the size of the cells, or of
incorrect alignment of them on the two sides of the comb.”

Sometimes one of the faces is lost, and a new one formed,
80 that all the basal portion of the cell becomes reversed, as

A B C  will be seen by refer-
%ﬁmm ence to Figs. 73 and
74; the first repre-

Fig. 7. senting the cells when

the base is viewed, and the second when looked at perpendie-
ularly to one of the sides. In both figures A indicates the
ordinary form of the cell. The whole

A B c
series of Fig. 74 shows the gradual
introduction of the new face, which
is seen on the lower border, and the
elimination of one of the original faces,
which is seen on the upper border. At

B, which is intermediate between the Fig. 7.
two extremes, the four faces consist of two equal rhombs,—
one of which is the outgoing and the other the incoming one,
A .S . and two equal hexagons. B, Fig.
e b O 74, represents the sides of the same
@ cell, which, instead of forming three
trapeziums, as at A, a, b, ¢, now
. form two pentagons, ¢’ and ¢', and a
B | parallelogram, b'. At C, Figs. 73
and 74, the forms are in all respects
b the reverse of those of A. A and C
are symmetrical with each other, and
B is symmetrical in itself. No pre-
Fig. 5. cise number of cells is necessary
for the purpose of making this transition, for it may take
place in two or three, or extend through a long series, as in

Fig. 73.

6, Ordinarily, the error of alignment does not amount to
more than one or two diameters of a cell. But occasionally
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Professor Wyman noticed the transition made with only one
cell, as in Fig. 78, but not without destroying the regularity of
the two adjoining.rows.

““In consequence of the gradual narrowing or widening of
the transition cells, the comb tends to become more or less tri-
angular and the cells to become disturbed. The bees counter-
act this tendency by the occasional intercalation of an additional’
row, of which two instances are given in Fig. 78, at a and b,
where three rows of worker cells are continuous with two of
drone cells, ¢, d and e, f; or, reversing the statement, and
supposing the transition, as in the building of the comb, is
from worker to drone-cells, a row of the latter is from time to
time omitted as the rows a and b; in this way, the regularity of
the comb is preserved.”

Iloney-cells are formed either by enlarging the ordinary
brood-cells, or adding them to others often larger, or by con-
structing 4 new comb, devoted entirely to the storing of honey.
¢“While the cells of this last are built unequivocally in accord-
ance with the hexagonal type, they exhibit a range of variation
from it which almost defies description.”

No Ichneumon-flies are known to attack the larva of the
Honey-bee, nor in fact, with few exceptions, any of the wild
bees, owing, probably, to the difficulty of their gaining access
to them, since Anomalon vesparum has been reared from the
cells of wasps which are more exposed than those of bees.
But the Honey, as well as the wild bees, are afflicted by a
peculiar assemblage of insect-parasites, some of which have
the most remarkable habits. The most formidable pest of the
Hive-bee is the Bee Fly, Phora incrassata, which in Europe
sometimes produces the well-known disease called ¢ foul-
brood.” The Bee-louse, Braula cceeca, is, in Europe, sometimes
troublesome to the acdult bee, while T'richodes apiariu:
devours the larvee. The larvee of Meloé and Stylops :
in Europe to infest the Iloney-bee, and among the lo
nal worms Assmus enumerates Gordius subbifurcus
fests the drones of the Honey-bee as well as othe
Professor Siebold has also described Mermis albic
is a similar kind of hair-worm, from two to five in¢
and whitish in color. This worm is also found,
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enough, only in the drones, though it is the workers
frequent watery places (where the worm deposits its egy
appease their thirst. The Wax-moths, Galleria cerean
Achroia alvearia, do much harm by consuming the was
thus breaking down the cells, and by filling the hive
their webs.*

The genus Apis is indigenous in South America, thougk
Honey-bee has been extensively introduced into the West
dies. Our Honey-bee is replaced in the tropics by the stingl
minute bees, which store up honey and live in far more nun
ous colonies. The cells of Melipona are hexagonal, nea
approaching in regularity those of the Hive-bee, while
honey-cells are irregular, much larger cavities, which hold abc
one-half as much honey as a cell of the Humble-bee. From
paper on the Brazilian Honey-bees, read by Mr. F. Smith b
fore the Entomological Society of London, March, 1863, L
states that the Meliponas are small insects, having wings shorte
than the abdomen, the latter being very convex and oblong
their mandibles never being dentate ; while the Trigonas have
the wings more ample, and longer than the abdomen, which is
short, somewhat triangular, while the mandibles are serrated,
denticulate, or sometimes edentate. The Meliponas are re-
stricted to the new world, while Trigona extends into Africa,
India, a}nd Australasia.

¢t All these bees are honey gatherers, but the honey collected
by the different species varies greatly in quality: from the
nests of some it is excellent; from others, worthless. The
honey of the species ¢ Mombuca’ is said to be black and sour,
the quality being dependent on species of flowers from which
the honey is collected. This great difference in the honey of
the various species is apparently confirmatory of the fact that
each species confines itself to particular flowers, never visiting
any other kind. The different relative length of the tongue in

* EXPLANATION OF PLATE 2. Parasites of the Honey-bee. Fig. 1, Phora incras-
sata: ¥ig. 2, pupa; Fig. 3, larva. Fig. 4, Braula ceca; Fig. 5, larva. Fig. 6, Tvé
chodes apiarius: a,larva; b, pupa. Fig.7, Weloé angusticollis: ¥ig. 8, freshly hatched
larva; Fig. 9, second stage of larva; Fig. 10, first stage of semi-pupa; Fig. 11,
pupa. Fig. 12, Stylops Childreniin the body of a wild bee, Andrena; Fig. 13, top
view of the snme removed from its host; Fig. 14, male of the same; @, side view.

Fig. 15, Mucor mellitophorus, a parasitic fungus. Fig. 16, unknown larva found in
nest of Humble-bee. Descriptions of the insect parasites will be given beyond.
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the species is also confirmatory of the same supposition; in-
deed, the great diversity in this respect observable in these
bees, appears to me to be analogous to a similar diversity in the
length of the bills of humming-birds, which, it is well known,
are always adapted for reaching the nectaries of the particular
flowers which they usually frequent.”

In regard to the immense numbers of individuals in a col-
ony, Mr. Stretch, who collected them at Panama, ‘found a
nest several feet in length in the hollow of a tree, containing
thousands of individuals, their numbers being, as he informs
me, apparently countless.

¢ Gardner, in his travels, gives a list of such species (of
Melipona) as he met in the provinces of Piauhy and Goyaz,
where he found them numerous; in every house, he says, ¢you
find the honey of these bees ;* many species, he tells us, build in
the hollow trunks of trees, others in banks; some suspend
their nests from branches of trees, whilst one species constructs
its nest of clay, it being of large size; the honey of this spe-
cies, he says, is very good.” (Smith.)

In a nest of Trigona carbonaric from Eastern Australia,
Smith, of the British Museum, found from 400 to 500 dead
workers crammed in the spaces between the combs, but he
did not find a female among them. The combs are arranged
precisely similar to those of the common wasp. The number of
honey-pots, which are placed at the foot of the nest, amounted
to 250.

Smith inclines to the opinion that the hive of Trigona con-
tains several prolific females ; ¢‘the accounts given of the mul-
titudes inhabiting some nests is too great, I think, to render it
possible that one female could produce them all. Mr. Stretch
described a hive that he saw, occupying the interior of a decay-
ing tree, that measured six feet in length, and the multitude of
bees he compared to a black cloud. M. Guerin found six fe-
males in a nest of Melipona fulvipes.”

Hill states, in Gosse’s Naturalist’s Sojourn in Jamaica,
‘“that the wax of these bees [Trigona] is very unctuous and
dark colored, but susceptible of being whitened by bleaching.
The honey is stored in clusters of cups, about the size of
pigeon’s eggs, at the bottom of the hive, and always from the

9



130 HYMENOPTERA.

brood-cells. The brood-cells are hexagonal; they are not
deep, and the young ones, when ready to burst their casement,
just fill the whole cavity. The mother bee is lighter in color
than the other bees, and elongated at the abdomen to double
their length.” Smith also states that the female of this genus
has the abdomen greatly distended, reminding one of the
gravid female of the White Ant. (Smith, Proc. Ent. Soc.,
London, Dec. 7, 1863.)

In North America, our nearest ally, as regards its habits, of
the true Honey-bee, is the Humble-bee (Bombus), of which
over forty species are known to inhabit North America.

The economy of the IIumble-bee is thus : the queen awakens
in early spring from her winter’s sleep beneath the leaves or
moss, or in deserted nests, and selects a nesting-place generally
in an abandoned nest of a field-mouse, or beneath a stump or
sod, and ‘“‘immediately,” according to Mr. F. W. Putnam,
“ collects a small amount of pollen mixed with honey, and in
this deposits from seven to fourteen eggs, gradually adding to
the pollen mass until the first brood is hatched. She does not
wait, however, for one brood to be hatched before laying the
eggs of another ; but, as soon as food enough has been collected,
she lays the eggs for a second. The eggs [Plate 4, Fig. 2]
are laid, in contact with each other, in one cavity of the mass
of pollen, with a part of which they are slightly covered. They
are very soon developed ; in fact, the lines are nowhere dis-
tinctly drawn between the egg and the larva, the larva and
pupa, and again between the latter and the imago; a perfect
series, showing this gradual transformation of the young to the
imago, can be found in almost every nest.

¢¢ As soon as the larvae are capable of motion and commence
feeding, they eat the pollen by which they are surrounded, and,
gradually separating, push their way in various directions.
Eating as they move, and increasing in size quite rapidly, they
soon make large cavities in the pollen mass. When they have
attained their full size, they spin a silken wall about them,
which is strengthened by the old bees covering it with a thin
layer of wax, which soon becomes hard and tough, thus form-
ing a cell. [Plate 4, Figs. 1,2.] The larvee now gradually
attain the pupa stage, and remain inactive until their full devel-
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opment. They then cut their way out, and are ready to assume
their duties as workers, small females, males or queens.

«It is apparent that the irregular disposition of the cells is
due to their being constructed so peculiarly by the larve.
After the first brood, composed of workers, has come forth,
the queen bee devotes her time principally to her duties at
home, the workers supplying the colony with honey and pollen.
As the queen continues prolific, more workers are added, and
the nest is rapidly enlarged.

“ About the middle of summer eggs are deposited which
produce both small females and males.” . . . ‘¢ All eggs laid
after the last of July produce the large females, or queens;
and, the males being still in the nest, it is presumed that the
queens are impregnated at this time, as, on the approaeh of
cold weather, all except the queens, of which there are several in
each nest,die.” (Putnam, Com. Essex Inst., vol. iv, p. 98,1864.)

Besides Apathus, the larve of various moths consume the
honey and waxen cells; the two-winged flies, Volucella and
Conops, and the larvee of what is either an Anthomyia or
Tachina-like fly ; several species of Anthrax, the Coleopterous
Anobium paniceum of Europe, Meloé, Stylops, and Anthero-
phagus ochraceus are parasitic on Humble-bees.*

The habits of the genus Apathus are not clearly known, but
they are supposed to prey, in the larva state, upon the larve of
Bombus, being found in their nests; their habits, so far as
known, ally them with Nomada. The species are distinguished
by the tibiee being convex, instead of concave, as in Bombus,
while the mandibles of the females are acute, triangular, biden-
tate, being spatulate and three-toothed in Bombus, and they
have no pollenigerous organs. There are males and females
only, as in all the remaining genera of the family. Apathus
Ashtonii (Plate 3, Fig. 1) is found in the Northern States.

¢ EXPLANATION OF PLATE 8. —Parasites of the Humble and Leaf-cutter Bees.
Fig. 1, Apathus Ashtonii. Fig.2, Nephopteryz Edmandsii; a,larva; b, pupa. Fig.
3, 8a, Microgaster nephoptericis, an Ichneumon parasite of Nephopteryx. Fig. 4,
Antherophagus ochraceus. Fig. 5, Anthomyia? larva; a, side view. Fig. 6, Re-
cently hatched larva of Stylops Childrenii; a, side view. Fig. 7, larva; a, pupa of
Anthophoradia megachilis, a Chalcid parasite on Megachile. Fig. 8, Pteratomus
Putnamii, an exceedingly minute Proctotrupid fly, supposed to be parasitic on An-
thorphorabia megachilis; a, a hind wing. Fig. 9, a Mite found in the nests of
Humble-bees.
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Xylocopa, the Carpenter-bee, is ‘‘the largest and most bulky
of all known bees,” but less hirsute than Bombus, while the
basal joint of the labial palpi is almost four times as long as
the second ; and the maxillary palpi are six-jointed, the mouth-
parts being very highly organized. The larva of X. Virginica
(Plate 4, Fig. 8, adult ; Fig. 4, larva; Fig. 5, nest) is slenderer
than that of Bombus, the body tapering more rapidly towards
each end.

The power of boring the most symmetrical tunnels in solid
wood reaches its perfection in the large Virginian Carpenter-
bee (Xylocopa Virginica). We have received from Mr. James
Angus, of West Farms, N. Y., a piece of trellis for a grape-
vine, made of pine wood, containing the cells and young in
various stages of growth, together with the larvee and chrysa-
lids of Anthrux sinuosa (Plate 4, Fig. 6, larva; Fig. 7, pupa),
a specics of fly parasitic on the larva of the bee, and which
buries its head in its soft body and feeds on its juices.

Mr. Angus thus writes us regarding its habits, under date of
July 19: ¢TI asked an intelligent and observing carpenter yes-
terday, if he knew how long it took the Xylocopa to bore her
tunnel. He said he thought she bored about one-quarter of an
inch a day. I don’t think myself she bores more than one-
half inch, if she does that. If I mistake not, it takes her
about two days to make her own length at the first start; but
this being across the grain of the wood may not be so easily
done as the remainder, which runs parallel with it. She always
follows the grain of the wood, with the exception of the en-
trance, which is about her own length. The tunnels run from
one to one and a half feet in length. They generally run in
opposite directions from the opening, and sometimes other gal-
leries are run above the first, using the same opening. I
think they only make new tunnels when old ones are not to be
found, and that the same tunnels are used for many years.
Some of the old tunnels are very wide. I have found parts of
them about an inch in diameter. I think this is caused by
rasping off' the sides to procure the necessary material for con-
structing their cells. The partitions are composed of wood-
raspings, and some sticky fluid, probably saliva, to make it
adhere,
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“The tunnels are sometimes taken possession of by other
bees and wasps. I think when this is the case, the Xylocopa
prefers making a new cell to cleaning out the mud and rubbish
of the other species. I frequently find these bees remaining
for a long time on the wing close to the opening, and bobbing
their heads against the side, as if fanning air into the opening.
I have seen them thus employed for twenty minutes. Whether
one bee, or more, makes the tunnel, that is, whether they take
turns in boring, I cannot say at present. In opening the cells,
more than one are generally found, even at this season. About
two weeks ago, I found as many as seven, I think, in one.” *

The hole is divided by partitions into cells about seven-tenths
of an inch long. These partitions are constructed of the
dust or chippings made by the bee in eating out her cells, for
our active little carpenter is provided with strong cutting jaws,
moved by powerful muscles, and on her legs are stiff brushes
of hair for cleaning out the tunnel as she descends into the
heart of the solid wood. She must throw out the chips she
bites off from the sides of the burrow with her hind legs, pass-
ing the load of chips backwards out of the cell with her fore-
limbs, which she uses as hands.

The partitions are built most elaborately of a single flattened
band of chips, which is rolled up into a coil four layers deep.
One side, forming the bottom of the cell, is concave, being

® ¢ 8ince writing the above I have opened one of the new holes of Xylocopa
which was commenced between three and four weeks ago, in a pine slat used in
the staging of the greenhouse. The dimensions were as follows: Opening fully
3-8 wide; depth 7-16; whole length of tunnel 6 and 5-16 inches. The tunnel branched
both ways from the hole. One end, from opening, was 2 and 3-8, containing three
cells, two with larva and pollen, the third empty. The other side of the opening, or
the rest of the tunnel, was empty, with the exception of the old bee (only one) at
work. I think this was the work of one bee, and, as near as I can judge, about
twenty-five days’ work. Width of tunnel inside at widest 9-16 inch.

For some days this bee has been discharging a great quantity of eaw-dust and
pollen, which I had collected by placing a vessel under it. It would seem that she
had cells constructed also in the opposite side of the hole, and that she removed
them to enlarge the tunnel. Among the stuff thrown out, I find a partition of a cell
nearly entire.

1 have just found a Xylocopa bobbing at one of the holes, and in order to ascer-
tain the depth of the tunnel, and to see whether there were any others in them, I
sounded with a pliable rod, and found others in one side, at a depth of five and one
half inches; the other side was four inches deep, without bees. The morning was
cool, 8o that the object in bobbing could not be to introduce fresh currents of air,

but must have had some relation to those inside. The legs on such occasions are,
as | have noticed, loaded with pollen.”— American Naturalist, vol. 1, p. 870.
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beaten down and smoothed off by the hee. The other side of
the partition, forming the top of the cell, is flat and rough.

At the time of opening the burrow, July 8th, the cells con-
tained nearly full-grown larvee, with some half developed.
They were feeding on the masses of pollen, which were as large
as a thick kidney-bean, and occupied nearly half the cell. Sa-
pyga repanda is parasitic in the cells of Xylocopa violacea of
Southern Europe.

The habits and structure of the little Ceratina ally it closely
with Xylocopa, as it hollows out the stems of plants, and builds
in them its cylindrical cells. This bee is oblong in form, with
tridentate mandibles, and a short labrum. The maxillary palpi
are six-jointed, and the labial palpi are two-jointed. Ceratina
dupla Say is a common small bright-green smooth-bodied species,
which, in the middle of May, according to Dr. Harris’ MS. notes,
tunnels out the stems of the elder or blackberry, syringa, or any
other pithy shrub, excavating them often to a depth of six or
seven inches, and also, according to Mr. Haldeman (Harris
MS.), bores in Cocorus. She makes the walls just wide enough
to admit her body, and of a depth capable of holding three or
four, often five or six cells (Plate 4, Fig. 11). The finely built
cells, with their delicate silken walls, are cylindrical and nearly
square at each end, though the free end of the last cell is
rounded off. They are four and a half tenths of an inch long,
and a little over onc-third as broad. The bee places them at
nearly equal distances apart, the slight interval between them
being filled in with dirt.

Dr. T. W. Harris* states that, ¢ May 15, 1832, one female
laid its eggs in the hollow of an aster-stalk. Three perfect in-
sects were disclosed from it July 28th.” The observations of Mr.
Angus, who saw some bees making their cells, May-18th, also
confirms this account. The history of our little upholsterer is
thus cleared up. Late in the spring she builds her cells, fills
them with pollen, and lays one or more eggs upon each one.
Thus in about two months the insect completes its transforma-
tions ; within this period passing through the egg, the larval
and chrysalid states, and then, as a bee, living through the win-
ter. Its life thus spans one year.

* According to a note in JMSS. deposited in the Library of the Boston Society of
Natural History.
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The larva (Plate 4, Fig. 10) is longer than that of Mega-
chile, and compared with that of Xylocopa, the different seg-
ments are much more convex, giving a serrate outline to the
back of the worm. The pupa, or chrysalis, we have found in
the cells the last of July. It is white, and three-tenths of an
inch long. It differs from that of the Leaf-cutter bee in having
four spines on the end of the body, and in having a much
longer tongue and maxillee, both being almost twice as long.

In none of the wild bees are the cells constructed with more
nicety than those of our little Ceratina. She bores out with
her jaws a long deep well just the size of her body, and then
stretches a thin delicate cloth of silk, drawn tight as a drum-
head, across each end of her chambers, which she then fills with
a mixture of pollen and honey.

Her young are not, in this supposed retreat, entirely free
from danger. The most invidious foes enter and attack
them. Three species of Ichneumon-flies, two of which belong
to the Chaleid family, lay their eggs within the body of the
larva, and emerge from the dried larva and pupa skins of the
bee, often in great numbers. The smallest parasite, belonging
to the genus Anthophorabia (so called from being first known
as a parasite on another bee, Anthophora), is a minute species
found also abundantly in the tight cells of the Leaf-cutter bee.

The species of Anthidium, according to Smith, are gaily
marked with yellow bands and spots ; the ligula is almost twice
as long as the labial palpi, and acutely pointed ; the paraglossse
are short, the maxillary palpi are two-jointed, and there are two
subcostal cells. The males are longer than the females, with an
elongated and stoutly toothed abdominal tip. The female lines
her nest, situated in any hole convenient for its purpose, with
down from woolly-stemmed plants. They pass the winter in
the larva state, and the bees do not appear until mid-summer.
The species mostly occur in the old world.

In Anthophora, which approaches nearer to Bombus in its
plump and hairy body than the two preceding genera, the lig-
ula is twice as long as the labial maxille, ending in a bristle-
like point ; the basal joint of the hind tarsus is thickly hirsute,
while the middle tarsus of the males is generally elongated.
The species are gregarious, their numerous cells, while indepen.
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dent, are crowded together in grassy banks. Species of
Melecta are parasitic on them, ovipositing in their cells. The
larvae are infected by the Chalcid flies, Anthophorabia and
Monodontomerus, and by a peculiar species of Mite, Hete-
ropus ventricosus, described by Newport. Say has described
Anthophora abrupta and A. taurea from Indiana.

In Eucera the antenne are very long, while the body is still
plump and hairy : our more common form in the Middle States
is Eucera maculata St. Fargeau. The species are likewise
gregarious, and, according to Smith, their habits are precisely
the same as those of Anthophora.

In Megachile, the Leaf-cutter Bee, the head is broad, the
body stout, oblong, the ligula is about one-half longer than
the labial palpi, being quite stout, while the paraglosse are
short and pointed; the maxillee are long and sabre-shaped,
while their palpi are short and two-jointed. There are two
subcostal cells in the fore wing. It is a thick-bodied bee, with
a large square head, stout scissor-like jaws, and with a thick
mass of dense hairs on the under side of the tail for the pur-
pose of carrying pollen, since it is not provided with a pollen
basket as in the Honey and Humble-bees. The larva is broader
ard flatter than that of Bombus, the raised pleural region is a
little more prominent, and the raised, thickened tergal portion
of each ring is more prominent than in Bombus.

The Megachile lays its eggs in burrows in the stems of the
elder (Plate 4, Fig. 9), which we have received from Mr.
James Angus; we have also found them in the hollows of the
locust tree. Mr. F. W. Putnam thus speaks of the economy
of M. centuncularis, our most common species. ** My attention
was first called, on the 26th of June, to a female busily en-
gaged in bringing pieces of leaf to her cells, which she was build-
ing under a board, on the roof of the piazza, directly under
my window. Nearly the whole morning was occupied by the
bee in bringing pieces of leaf from a rose-bush growing about
ten yards from her cells, returning at intervals of a half minute
to a minute with the pieces which she carried in such a manner
as not to impede her walking when she alighted near her hole.
[We give a figure of the Leaf-cutter bee in the act of cutting
out a circular piece of a rose-leaf (Plate 4, Fig. 8). She
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alights upon the leaf, and in a few seconds swiftly runs her
scissors-like jaws around through the leaf, bearing off the
piece in her hind legs.] About noon she had probably com-
pleted the cell, upon which she had been engaged, as, during
the afternoon, she was occupied in bringing pollen, preparatory
to laying her single egg in the cell. For about twenty days
the bee continued at work, building new cells and supplying
them with pollen. . . . On the 28th of July, upon removing
the board, it was found that the bee had made thirty cells,
arranged in nine rows of unequal length, some being slightly
curved to adapt them to the space under the board. The
longest row contained six cells, aud was two and three-quarters
inches in length; the whole leaf-structure being equal to a
length of fifteen inches. Upon making an estimate of the
pieces of leaf in this structure, it was ascertained that there
must have been at least a thousand pieces used. In addition
to the labor of making the cells, this bee, unassisted in all her
duties, had to collect the requisite amount of pollen (and
honey?) for each cell, and lay her eggs therein, when com-
pleted. Upon carefully cutting out a portion of one of the
cells, a full-grown larva was seen engaged in spinning a slight
silken cocoon ahout the walls of its prison, which were quite
bard and smooth on the inside, probably owing to the move-
ments of the larva, and the consequent pressing of the sticky
particles to the walls. In a short time the opening made was
closed over by a very thin silken web. The cells, measured on
the inside of the hard walls, were .35 of an inch in length, and
.15 in diameter. The natural attitude of the larva is some-
what curved in its cell, but if straightened, it just equals the
inside length of the cell. On the 31st of July, two female
bees came out, having cut their way through the sides of their
cells.” In three other cells ‘‘several hundred minute Ichneu-
mons [Anthophorabia megachilis] were seen, which came forth
as soon as the cells were opened.” (Com. Essex Inst., vol. iv,
p. 103, 1864.)

Megachile integer Say MS., according to Dr. Harris (MS.
notes), forms its nest of leaves the first of August. This spe-
cies is twice as large, but closely resembles Megachile brevis of
Say. The front of the head is covered with dense ochreous
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hairs, becoming shorter and black on the vertex. The nest,
preserved in the Harris collection, now in the Museum of the
Boston Society of Natural History, is made of rose-leaves, and
is scarcely distinguishable from that of M. centuncularis.

Osmia, the Mason Bee, is another genus of Carpenter or
Upholsterer bees. The species are generally bluish, with
greenish reflections, with smooth shiny bodies, and the species
are of smaller size than in Megachile. The tongue in this
genus is three times as long as the labinm, tapering from the
base to the acute apex, and clothed with short hair.

Mr. F. Smith states that the larva of the English species
hatch in eight days after the eggs are laid, feeds ten to twelve
days, when it becomes full-grown, then spins a thin silken
¢ vering, and remains in an inactive state until the following
spring, when it completes its transformations.

The habits of the little Mason-bees are quite varied. They
construct their cells in the stems of plants and in rotten posts
and trees, or, like Andrena, they burrow in sunny banks. An
European species selects snail-shells for its nest, wherein it
builds its earthen cells, while other species nidificate under
stones. Curtis found two hundred and thirty cocoons of a
British species (Osmia paretina), placed on the under side of
a flat stone, of which one-third were empty. Of the remainder,
the most appeared between March and June, males appearing
first ; thirty-five more bees were developed the following spring.
Thus there were three successive broods for three succeeding
years, so that these bees lived three years before arriving at
maturity.

Mr. G. R. Waterhouse, in the Transactions of the Entomo-
logical Scciety of London, for 1864 (3d series, vol. 2, p. 121),
states that the cells of Osmia leucomeluna ** are formed of mud,
and cach cell is built separately. The female bee, having de-
posited a small pellet of mud in a sheltered spot between some
tufts of grass, immediately commences to excavate a small
cavity in its upper surface, seraping the mud away from the
centre towards the margin by means of her jaws, A small
shallow mud-cup is thus produced. It is rough and uneven on
the outer surface, but beautifully smooth on the inner. On
witnessing thus much of the work pcrt‘ommd: I was struck with

